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PREFACE. 



f^oR a woriiL professedly calculated to ad- 
vance domestic economy and increase do- 
mestic comfort^ no other preface can be 
requisite than that of soliciting the reader's 
attention to the sources of his own enjoy* 
ment. 

As Great Britain is prorerbially allowed 
to be more subject to vicissitudes of tempe- 
rature than any other country in Europe ; 
and as the only means of counteracting the 
effects of these rapid atmospheric changes, 
in the interior of our dwelling-chouses, is by 
a judicious application of artificial heat^ on 
one hand, and by an adequate degree of 
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IV PREFACE, 

ventilation on the other — it is presumed 
that any attempt to facilitate these im- 
portant objects, will meet with a favourable 
reception. 

With regard to the necessity which may 
exist for adopting, or even recommending, 
greater economy in the consumption of 
fttel, while England possesses such almost 
inexhaustible resources of this valuable na- 
tural product ; opinions may Vary, accord- 
ing to the opulence or the relative interests 
of individuals. But there can be no differ- 
ence of opinion as to the eligibility of im- 
proving the mode of employing this essen- 
tial article of life, so as to avoid, as far as 
may be, the nuisance of smoke, the deposit 
of soot, and the serious inconvenience aris- 
ing from currents of cold air through a room. 

The Author of the succeeding pages has 
endeavoured to treat the subject under the 
most popular form of view ; from the fullest 
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persuasion that practical science, and its 
progressive advancement, . is rather re-r 
tarded, than promoted, by. clothing ideas 
which profess to ^ve information, in lan-e 
guage (whether! technical or symbolic) 
which is not comprehended by the great 
bulk of the community. 

. Part !• comprehends a brief view of 
the nature of fuel, and pf the cheijGiicaJ^, 
principles pn which the process of com-; 
bustion, as well as animal respiration de- 
pends : accompanied by suggestionsfor pre-j 
venting as far as possible the deleterious 
influence of a vitiated atmosphere on animal 
life<» In this part of his work, the Author 
has assigned much greater agency to the 
nitrogen, or azotic portion of the atmo- 
sphere, in theproduction of various natural 
phenomena, than chemical writers have ge-. 
nerally allowed. And whilst the Author s 
views on the subject are submitted with 
much deference to the judgment of thq 
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chemical reader, he bqgs to recommend 
the enquhry to more able inrestigators, m>t 
only as a most fertile field of action, but as 
it especidily involves the health and eoo^ 
nomy of society in general. 

The succeeding Chapters of Part I. re- 
late to the noxious agency of stagnant 
water, and of putrescent animal and vege- 
table matter in the vicinity of populous 
districts, with suggestions as to the pro- 
priety of making the conservation of public 
health a branch of the internal police,— 
Under which heads, — ^the construction of 
chimneys and prevention of smoke, — the 
prevention of vegetable and animal sub- 
stances from being left exposed to putrefac- 
tion, — and the more perfect ventilation of 
every description of pubhc buildmgs ; are 
severally considered. 

Part !!• contains a description of all the 
known varieties of grates or stoves used 
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PREFACE* VU 

for disseminating heat, both with open and 
confined fire-chambers; with observations 
on their comparative advantages in econo- 
mising heat and preventing the disengage- 
ment of smoke. Also the various modes of 
building furnaces, setting boilers, and con- 
structing apparatus for warming bmldings 
of all kinds by means of steam-heat. To 
which are added, a few observations on the 
construction and management of garden- 
stoves and conservatories ; with a view of 
regulating the temperature in such edifices 
more consonant to the operations of nature 
in the vegetable kingdom ; and at the same 
time rendering these buildings more salu- 
brious, as places of resort for the lovers of 
elegant retirement. 
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CoNsit)ERiNG the rapid advaiicement which 
practical science haa undeigcine in Great 
Britain during the commencement of the 
nineteenth century, it is very rem^kable thai 
so important an object ds that of economising 
fuel, should not have attracted more general 
attention. Whether a certain degree of neg- 
ligence m this interesting branch of bur civil 
and domestic economy may not have arisen 
from the circumstance of this country being 
more peculiarly favoured than any in Europe 
with an almost unlimited supply of fuel, it 
would be difficult to determine. To whatever 
source it may be referred, however, the fact 
is unquestionable, that there exists even at 

B 



2 INTRODUCTORY OBSERVATIONS. 

the present day, in England, a greater disre- 
gard to the subject of wairflting dwelling-houses 
by the most effective and economical methods, 
than is to be found in any other state through- 
out 'fiirrt^. Ilfuck'of tlm mattend^n t6 the 
point of domestic economy doubtless arises 
from our national prepdii^es in favour of open 
stoves or grates. There is certainly something 
dbeering ini the a3peQt of a blajipg ftrie-side^ 
If it qaii be ceill^di^ a prejudice^t it is a prejudice 
yrhich it M^ould be perhaps quite inigossible to 
overcoiBe; ajid to tho3e with whom expendi- 
ture of iacorae is of little coqsidemtioQ, the 
mere (][u^3tion of economy may perhaps be 

lupporthy of notice. 

BuJ| the term Economy must be> in the pre- 
sent qasey taken in a much wider extent than 
that of applying to the actual saving of fud 
effected by this or that constmction of a stove, 
9Jid it& ebinuiey of draught pipe* It is not 
merely the amount of heat given out to any 
^artment or suite of apartments by the com- 
bustion of a given quantity of fuel, but the 
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m0mit 'vt i^bictb l^bftt object m su^omplidaied; 
s/^m ^ 4»tmotnJte 0iim o( such apaxtiaenk 
asf })jlrll& fL9> pp$9ible for ik^ purpcNie c^ i^Qsprab. 
ti^mif ^^ad a)g» to, ayokl producing dx^ufvenft df 
C9J4 i»r ^CQil^ ^ room for thftfini^ply of 
t^ bomiog iud with an adequate portion o£ 
(my^if ga» to mamtain coBibttstion. 

J^ Si^bt appearaqmewhai: ungraeioua to stig- 
i^atbe the iaTirations aad domestie arrange^ 
ments of our forefathers mtk tiie term barbae 
VQUfi but it WQidd be diffi^uJbt to point out any 
pH^ pf jmr manX domestic edifices which exhi^ 
Ints mch a total absenee of acient^ principles^ 
a9 f^beim^stm^^fm 9£ ood fijeetgrates and their 
sf^peiidoiges. Itwimldseisn^fiFamdieaiTan^^ 
meiB^ of thed^Qis aod iir^baes^ eyeii m most 
of QiU! betlKar okas of raaosions^ a» i£likp avchi^ 
imik bad m ^e^r ^ iater^ft»Mpf the coal mer^ 
obaot »iMt ^ pby^imif jat Ih? 9Xpiense of the 
pKM^etaAdtb^hi»dtb of tk»r aw^r ior occupier^ 
Fpr it wwild be di^ult tp devi^se any moi^ 
dSk^t^ weans Ihw mmy pf psbt fency stoyest 

furnish, for the rapid combustion of fuel, and 
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4 INTItODUCTORr OBSERTATIOKff* 

the loss of heat in the ap^urtment, by allowing 
a powerful current of d$d air to sweep the 
lower part and drive the heated air immedi- 
ately up the chimney shaft. At the same 
time a person or persons being placed roufid 
the fire-'place of such a room, is absolutely in 
much greater danger of what we usually term 
" taking cold/' than if exposed to the open 
atmosphere, with the thermometer standing 
at the freezing point. 

It cannot admit of a doubt that a numerous' 
class of our prevailing winter disorders, such 
as catarrh, rheumatism, &c. derive their origin 
from the anri-social construction of our ordi- 
nary apartments. And these results are more 
to be apprehended in proportion to the num- 
ber of persons in a room of ordinary dimen- 
sions. For in such cases some persons must 
of necessity be placed in the immediate front 
of the fire-place, whilst others will be at the 
opposite extremity of the current of air ; or 
in the immediate vicinity of the door or win- 
dows. 
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The consequences of this absurd attach*- 
ment to old plans and defective principles, 
for the purpose of preserving M^hat is termed 
*^ uniformity^^ in a building and its apartments, 
are too well known to every one who has been 
placed in such an aerial thoroughfare, to re^ 
quire illustration here : and it has become the 
fashion, in the construction of houses of the 
better class, to endeavour to remedy this evil 
by partially stopping out the supply of atmos- 
pheric air by lining the apertures of the doors 
and windows. It is obvious, however, that a 
deficient supply of air will not only diminish 
both the brilliancy of any artificial lights in 
such apartments, and the perfect combustion 
of fuel in the grate ; but the atmosphere of 
such a room will also be, in consequence, 
greatly depraved for the purposes of respira- 
tion. 

In addition to the personal inconveniences 
felt by the arrangements of our winter sitting 
rooms, the waste of fuel is enormous, from 
the very imperfect combustion of the coals 
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a 

ui^ in bux open grates^ and die great quan- 
tity of smoke evolved ; which passing dirou^ 
the chimney dbaft^ its heat becomes lc»t to the 
apartoient, while the warm air of the room 
foUows the same route^ and is again succeeded 
bj a current of cold air from the windows or 
doors* 
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THEORY OP COMBOSTION- 

A CURVET view of the proc€iss of combu»- 
tion, will serve to shew^ that the heat evolved 
from ignited fuel is principally dependant on 
the rapid ipupply of oxygen from the atmos- 
fh&ce ; though considerably n^odified by thp 
propprtioiius c^ clarbon and hydrogeo in thp 
cpml^ustible ^ubstaace. 

fivery inflammable substance which we 
^jofjioy for giving artificial light, zs wax, 
spermaceti, oil, taUow» &^ becomes reduced 
to a ^useous state, formiiiig carburet ted fay- 
dfog^ gas, previous to uniting with the 
oicygenoiis portion of tbe atmosphere. Pur^ 
iiig which projD€fiS, both U^ht ismd heat are 
evolved, and carb^mic acid gas, with som^ 
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azote, and aqueous vapour, forms the resi<* 
duum. 

During the combustion of coke, charcoal, 
and a few varieties of coal, very little, if 
any flame, is produced ; there being a very 
small portion of hydrogen gas present : con- 
sequently the gaseous residue of such sub- 
stances contains little, if any, moisture, but 
consists principally of carbonic acid and azote. 

It has been ascertained, from repeated ex- 
periments, that pure hydrogen gas requires 
half its own volume of oxygen gas to form the 
constituents of aqueous vapour. And when 
these gases are mixed in these proportions, 
and exposed to the tettiperature of about 
700® Fahrenheit, they unite with explosive vio- 
lence, leaving a particle of water not more 
than about 1 : 2000, their original volume. 

Carburetted hydrogen gas requires more 
oxygen for its perfect combustion, than pure 
hydrogen ; and that in proportion to its den- 
sity, or the quantity of carbon in suspension. 
* Thus coal gas, or sub-carburetted hydrogen, of 
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the spec. gray. 500, requires one and a half its 
own volume, or three times more oxygen than 
is necessary for pure hydrogen : and oil gas, 
or carburetted hydrogen, of a spec. grav. 960, 
(common air, 1000), requires three times its 
own bulk, or six times more oxygen for 
its perfect coipibustion, than pure hydrogen. 
Now, the comparative density of oxygen gas 
and good coal gas, is nearly as 2 : 1, (ox. 
1100, coal gas 550); consequentiy we shall 
have to supply coal gas, during its combus- 
tion, with three times its own weight of oxy- 
gen, from the atmosphere. 

From the process of gas* making we are 
likewise able to estimate the probable con- 
sumption of oxygen during tiie combustion of 
a given quantity of fuel. 

The average quantity of gas obtained from 
a chaldron of good Newcadtie coal, may be 
taken at the lowest estimate, at about 12,000 
cubic feet. But a considerable portion of 
combustible matter is also evolved in the form 
of tar-vapour ; which becomes condensed in 
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the. vti^aeli^ living tibe gq^ to pass on to die 
purifiers nnd gfts^oldens. After jiiese volatile 
prodoctts have passed orver^ tke weight of coke 
risitiainif]^ in die t*6tort ia equal to more thsii 
one half that of ttie origunal weight of the 
coaL 

Now, if we aUow Ifi^OOO. cubic feet of 
oxygen for the ccmiblistion uf the 12^000 feet 
jof puiified gas obtained ^rom each chaldrovi 
<of isoals ; and one third i»f that (piantity^ or 
^^000 extra (wiikh is probably not too much) 
for the combusdon of the bitunainous portion 
usually deposited in die form of tar, in di^ 
gas-works, we should thus require a quantity 
of oxygeKi, from the air, ^ least double that 
laf the wbole gaseous product of the coal ; or 
24,000 feet for each chaldron of coal con- 
eumed. 

But thiB probably will not amount to one 
liaif the aetisal qisantitf of oxygen cimsumed 
by oar diwneifdc fires ; fi^r it only refers to the 
woiatUe pordim x>f die iueL It is not so easy 
ito deteimine the ^qpomdtyiof oxygen consumed 



THEORY OF COMBUSTIOV. 11 

during the combustion of solid fiiel^ as cok^^ 
charcoal, &c» ; for part of the oxygen becomes 
absorbed or fixed in the form of an oxide of 
carbon iii the first instance, thou^ ultimately 
given off in the form of carbonic acid gas. 

The durability of the solid portion of coal, 
or th&t which remains after the compound 
gas has escaped^ is probably more than double 
that of the hydrogen or flame. And to Sir 
H. Davy, Mr. Brande, Dr. Ure, and other 
eminent chemists have proved, that 100 cu- 
bic inches of carbonic acid consists of 53.8 
grains of oxygen gas, and 1S.7 grains of car- 
bon in a gaseous fi>rm ; it follows, tiimt fot 
every 12 lbs. weight of duprcoal or coke con- 
sumed, (supposing them to be nearly pure 
carbon), we should require, avoiding decimal 
parts, about 33 lbs. weight of oxygen gas to 
effect their perfect combustion. 

But previous to a mass of cioal being 
brought to the state of coke, or what we call 
a ^* hve cinder,^^ it has given out firom one 
third to 9ne half its weight of carburetted hy^ 
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drogen and bitumen, which, as hate beetl 
akeady shewn, must have required a volume 
of oxygen gas equal to twice its own bulk and 
four times its own weight, for its perfect com- 
bustion. 

It will, consequently, from the preceding 
datttj be evident, that if we could take 20 lbs« 
weight of good Newcastle coals, and submit it 
to distillation and perfect combustion, without 
losing any of the product, we should require 
for that purpose a supply of oxygen gas from the 
atmosphere, or some other source, as follows: 
Supposing the coal to give out 8 lbs. of car- 
buretted hydrogen, or other combustible gas, 
it would consume four times its own weight, 
or 32 lbs. of oxygen : and as before obswved, 
the 12 lbs. of coke would require 33 lbs. of 
oxygen, to convert it into carbonic acid ; or 
32 + 33 = 65 lbs. weight of oxygen requisite 
for the perfect combustion of every 20 lbs. of 
coal consumed. 

Now, if we consider the atmospheric air as 
consisting of four volumes of nitrogen and 
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one yolume of oxygen, and the relative den- 
sities of these c(mstituents, as 0*972 ^o 1«112,: 
(according to the best authorities), we should 

have, in 100 cubic inches of air, weighing* 
30.8 grains, about 972x4=3888 for the. 
weight of the nitrogen gas, and 1.112 for 
the weight of oxygen in a volume of atmofik- 
pheric air : < or about 22 per cent, of oxygen 
in weight. If, however, we ccm^Hider atmos- 
pheric air (agreeable to the most rational 
chemical theory .of definite proportions) as* 
a compound of 4 + 1 atoms, or 80 and 20^ 
parts of the respective gases in every 100, 
we should find, in practice, tlmt for every 
pound of coal, consumed, and which requires 
3.25 pounds weight of oxygen^ it would be 
necessary to furnish about 16| lbs; of atmos-- 
pheric air, or in round numbers about 266 ^ 
cubic feet. 

This calculation presumes the whole of the 
coal to be capable of decomposition without 
residuum; whereas the very best kinds of 
coal leave a certain portion of earthy matter, 



in the form of ashes* It is also presunud 
that the volatile matter of coal has been all^ 
csQHKverted into carboniG adid or other in^dsiblo' 
gjpok^ QXiteacjl of & cettaia portion being depo*' 
sated on the sidea of th? chinmey flue? ; as i& 
ahravs -the case in our ordinary fiines. The 
b«Jpab.V however,., &r fil te»d«i« 
our estimate ioconreet, serves to prove the 
neeessity of thift vast supply of o^cygen iu order 
ta ^oduce perfect ^combustioA; foor it ia in; 
reality &e ww^ of tiEua adequate su^^ of 
oxygea which qlb»Fs the cftrbonio ^nfmxf txk 
deposit its^f on ike chiraney dnes^ producio^ 
not mily a gr^t nmsmxpe, by aficimMftlttiiig 
in miassea so as to obsttui^t the passage of tiia 
hinted air through the d^nwey, and retunsng 
tbe smoke into tha a^iartmeht ; but it is aim 
attended with a very considerable waste of 
fuel, and the loss of heat at the same time. 
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OaMPAttATIVE rAUm OV MFPfiREMT 
SPfiCIES^ OF FURL 

The preceding e3timate of the process of com- 
bustion, however, requires some modification 
when applied to different species of fuel. Mi- 
neral coal, (as it is termed) forming perhaps 
nine^'tenths of the whole fuel consumed in 
Great Britain, it bepomes of more imn\ediate 
importance that we should investigate with 
attention the usual modes of employing that 
kind of fuel> with a view of producing greater 
economy in its consumption. For although the 
supply of this invaluable natural product at first 
view would appear to be limited only by the de- 
mand for its consumption ; yet, at the present 
rate of consumption^, it is the opinion of one of 
the first coal viewers in the north, that the mass 
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of coal known to exist in the Durham and 
Northumberland coal-field, is not equal to 
more than 500 years* consumption. Conse- 
quently, if the population of this island con- 
tinue its present ratio of increase, the demand 
for fuel will be in the same proportion ; and 
the strata of this valuable mineral may become 
exhausted, in probably a couple of centuries, 
unless greater economy be adopted in its fu- 
ture consuniption. 

But if the interests of posterity be thought 
too remote to demand our attention, the 
question becomes one of immediate applica- 
tion when viewed under the head of civil and. 
domestic economy. And one of the chief 
objects in the present essay, is, to demonstrate 
that an enormous waste of fuel constantly 
takes place, not only in our domestic fires, 
but in most of the stoves and furnaces em- 
ployed in various kinds of manufacture, from 
a deficient supply of air and imperfect com- 
bustion of the fuel in the first instance ; and 
secondly, from the loss of heat sustained by 
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the mal-construction of the stove and its ap- 
pendages. 

Previous to pointing out the several defects 
in principle, in the construction of our fire- 
places, or suggesting the means of obviating 
I^Qse defects; Jt wilLbe convenient to take a 
short view, of the distinction between coal and 
wood oBployed for the purposes of fiiel.. It 
has been satisfactorily proved by Dr. Thom- 
son, Dr. Henry, and various other able che- 
mists, that mineral coal of the better kinds, 
when decomposed, yields • carburetted hy- 
drogen gas, (mixed with a small portion of 
carbonic acid and sulphureous gas) ; bitur 
minous matter, in the form of tar, (mixed with 
ammonia) ; and a considerable, residuum of 
coke ; or the solid carbonaceous matter of the 
CQft}, united with a portion of alumine or other 
,eartiby substance. 

The distillation of the ordinary kinds of fire- 
wood shews : that its constituents vary consi^ 

derablv. from that of coal. 

•/ 

The first product which comes over, is 

c 
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the aqueous vapour of the wood in a state 
of mixture with the pyroUgneous or acetic 
acid. Next follows a rapid evolution of gas, 
which is found to be hydrogen, slightly im- 
pregnated with carbonj and is usually not 
more than half the density of the carburetted 
hydrogen obt^dned from coal. Then follows a 
portion of carbonic oxide gas, or carbon with 
its minimum supply of oxygen. After which 
remains the charcoal, or solid carbon, or 
nucleus of the wood. The combustion of 
equal weights of coal or wood in our ordinary 
fires, will therefore be materially different in 
their results. A pound weight of good Walls 
End coal is capable of yielding (by perfect 
distillation) five cubic feet of gas, while an 
equal weight of dry ash or hazel wood, will 
not produce above three and a half cubic feet. 
For the purpose of affording artificial light, 
coal gas is much superior to that obtained 
from any EngUsh wood : i;he latter gas not 
having its hydrogen so fully impregnated 
with carbon, as in coal gas; or more e^pe- 
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cially in olefiant or oil gas. The specific gra- 
vity of these combinations of hydrogen and 
carbon seems to afford the best test for esti* 
mating their respective illuminating power. 
In consequence of the levity of wood gas, the 
durability and of course value of wood^ as 
hely is m some measure diminished. The^ 
charcoal obtained from its combustion fbrms^^ 
perhaps, for g^ieral purposes, the most valur 
able portion of its mass ; for it possesses adr 
vantages over coalrcoke, both in retaining a 
red*>heat with a smaller supply of atmospheric 
air ; and in being exempt from that portion 
of sulphurecnis matter and ammonia which all 
kinds of coal possess in a greater or less de- 
^ee. 

From the constitution of coal, it has been 
already shewn, that during its combustion 
coal gas consumes about four times its own 
weight of oxygen ; one half the oxygen forai- 
ing water, and the other half carbonic acid. 
But wood gas containing more hydrogen gas 
and less carbon^ in a given volume, we ob*- 

c 2 
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tain a greater portion of aqueous vapour, and 
disengagement of heat than during the com- 
bustion of coal gas ; while coal gas gives out 
more heat during its combustion than oil gas. 
— ^The theory of this evolution of. heat is ex*^ 
tremely simple : — ^hydrogen and oxygen, when- 
burnt in conjunction, become reduced into tlie 
Uquid fwm, while the caloric which maintained 
these substances in the state of gas becomes 
instantly given out to the air adjacent ; pro- 
ducing a degree of heat proportionate to the 
rapidity with which the union takes place. 
But the combustion of carbon in oxygen gas 
produces no condensation i in volume. The 
carbonic acid still retaining the gaseous form ; 
consequently much less heat is disengaged 
than when hydrogen and oxygen are con- 
densed. 

It is also to be considered that no sensible 
quantity of sulphur exists as a constituent^ 
even in the most resinous or oily species of 
wood ; whereas this deleterious substance pre^ 
vails in some varieties of mineral coal to such 
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an extent as to render them quite unfit for 
domestic purposes. And the coke obtained 
from coal (especially such as is produced in 
the closed retorts of the gas works) contains a 
large portion of sulphur ; which not only viti- 
ates the atmosphere of an apartment in a se- 
rious degree, but it requires an additional 
supply of atmospheric air, to effect its trans- 
formation into sulphureous acid vapour ; and 
subsequently to expel this dense and highly 
noxious vapour up the chimney shafl. 



CHAPTER IIL 



COMPARATIVE SALUBRITY OF DIFFERENT 

SPECIES OF FUEL 

As a comparison of th6 salubrity resulting 
from the use of different i^pecies of fuel, cmt 
rather that of the degree in which they re- 
spectively vitiate the air for respiration, the 
statement may be taken as a near approxima- 
tion, thus: — coke, or coal which contains 
much sulphur and little bitumen (as the Kil- 
kenny and Welch coal or culm) is most highly 
noxious to animal life ; owing to the want of 
sufficient hydrogen to carry off the sulphur 
and carbon by means of the chimney flue. The 
sulphureous and carbonic acid gases from their 
considerable gravity, descending into the lower 
parts of a room will very seriously deprave the 
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atmosphere for the purposes of animal respi- 
ration. 

Coal, of the ordinary kinds, follows next in 
vitiating the air of a room. Those varieties 
being most noxious which give out the greatest 
quantity of sulphur, and but little carburetted 
hydrogen. A blazing or " free burning coal,^'. 
as it is usually called, being more salubrious^ 
especially for private or close apartments, 
than the more durable varieties ; on account 
of the hydrogen or gas flame producing a 
better current up the chimney, than would 
result from a mass of ignited fuel without 
flame. 

Peat, or turf though forming but a small 
proportion of the fuel used in England, con- 
stitutes the major part of the fuel used in Ire- 
land and part of Scotland. This class of fuel 
(which may be termed coal in its incipient 
stage of condensation) is found in different 
districts in such various stages of compression 
or solidity, as to render any general statement 
regarding its density very imperfect. Peat or 
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turf, cut irom the mountain or upland bogs in 
Ireland possesses a degree of solidity nearly 
approaching to that of coal ; and a specific 
gravity a little exceeding that of water. 
Other specimens of more recent formation, 
and especially that cut from those vast tracts 
of bog-land called " live bog,^' (which produce 
a; deposite or stratum of turf annually, by the 
growth and subsequent decay of a spongeous 
mass of vegetable fibre) is of so porous and 
light a texture as to be scarcely worth the 
expense of cutting. The best kinds of turf 
yield a brilliant white flame ; and in point of 
durability, it may be said to be intermediate 
between coal and wood, when used as fuel. 
There is however a peculiar acrid vapour from 
the very best specimens of turf (probably from 
the ammonia and sulphur), which renders 
this fuel highly disagreeable to many persons 
unaccustomed to its use. And wherever good 
coal can be obtained at a moderate price, the 
latter is not ovly a more durable and conve* 
nient fuel than turf, but it is probably less 
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noxious to animal life, than the vapour pro- 
duced by the combustion of even the very 
best kind of turf. 

Charcoal employed as fiiel in open fire- 
places, is highly deleterious to respiration. 
For although it is iree from the nuisance oc- 
casioned by visible smoke, and therefore con- 
venient as a detached fire on some occasions, 
(such as the diying of rooms after undergoing 
repair), yet it should never be employed for 
domestic fires, unless a strong current of air 
can be allowed to sweep through the apart- 
ment, in order to drive off the carbonic acid 
gas evolved. The density of this gas being 
one half greater than that of atmospheric air 
(or as 1520 : 1000), it will disperse itself in 
the lower parts of the room, instead of pass- 
ing up the chimney shaft; if charcoal be 
used in an ordinary sitting-room, where a 
current of air cannot be permitted. In cer- 
tain processes in ^ the arts, charcoal fires are 
almost indispensable; but they ought never 
to be employed without the means of i^a- 
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dily carrying off the carbonic acid by venti- 
lation. 

Wood, when employed as fuel, is less in- 
jurious to the atmosphere of a room than either 
of the preceding substances. The best varieties 
of EngUsh wood for producing a brilliant and 
quick fire, are ash, hazel, hornbeam, &c. ; but 
oak and beach are the most durable, 'fhe 
quantity of Ught carburetted hydrogen given 
out from wood during combustion, not only 
contributes to that cheerful flame or blaze 
peculiar to wood fires, but, as we before 
stated, its levity causes it to ascend the chim- 
ney flue with rapidity, at the same time pro- 
ducing a current of heated air, which draws 
after it the vitiated air of the apartment in 
conjunction with the carbonic acid formed by 
the combustion. It is almost superfluous to 
remark, that, after the gaseous product, or 
flame of the wood becomes exhausted, the 
current, or draft of the chimney, becomes 
proportionably diminished. And although 

the live embers of charcoal will retain a state 

13 
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of ignition even until they become lODtirely re- 
duced to ashes, yet it is ii^arious to health for 
a person to sit immediately over such embers ; 
from the quantity of carbcmie acid gas evolved 
by the charcoal. 

It appears, therefore, that wood, employed 
for the purpose of domestic fuel, not only 
affords a more cheerful fire than charcoal, 
coal, cdke, or peat ; but tlmt, when properly 
managed, it vitiates the air of an apartment 
in a much le^as degree, both from the product 
of the combustion consisting of less delete- 
rious matter, and from its greater levity, pro- 
ducing a strong current 6f air through the 
chimney, and thereby effectually ventilating 
the room. 

The combustion of any kind of light brush 
or faggot wood, in the grate of a room which 
is greatly confined, or which is suspected to 
contain a vitiated atmosphere, affords one of 
the most ready and most effectual means of 
ventilation; and should always be employed 
after an apartment has been shut up the pre^ 
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ceding night with live coke or charcoal in the 
fire-place »• The effect of carbonic acid and 
sulphureous acid, though insiduous in its ap- 
proaches, is so highly injurious to animal life, 
and more especially to invalids, that precau- 
tions of this kind in our dwelling houses, where 
the doors and windows are made almost air* 
light, ought never to be forgotten by those 
who have the charge of such apartments. 

'^ From some recent experiments of Dr. Murray on the 
anti-poisonous agency of acetic acid taken internally, we 
might infer that this acid, in the state of vapour, which is 
given out copiously during the combustion of green wood» 
would also have a salutary agency in correcting miasma 
in confined ro(»ns. 



CHAPTER IV. 



HEATING PROPERTIES OF DIFFERENT 

SPECIES OF FUEL. 

Having thus briefly examined the compara- 
tive value of the different kinds of fuel, as far 
as regards salubrity in use, and the produc- 
tion of artificial light ; it will be proper to offer 
a few remarks on the most essential part of 
the subject, in our present view — ^the heating 
or calorific properties of the different species 
of fuel. 

This part of our subject is less capable of 
definition, or demonstration, than the preced- 
ing, from the compound nature of the quesr 
tion regarding the capacity of different sub- 
stances for caloric, or the matter of heat. It 
would be irrelevant to the present enquiry, to 
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enter into any disquisition concerning the 
nature of caloric. Whether it should be con- 
sidered as a substance, per se ; or only a qua- 
hty or condition of all matter pervading na- 
ture, it will not in any degree affect our pre- 
sent enquiry. We shall therefore assume 
caloric to be that menstruum which holds 
oxygen in solution, in the state of oxygen 
gas; — ^and the capacity for, or rapidity of 
attraction, manifested for this matter by the 
different inflammable bodies, as the test of 
their respective degree of inflammability. 

Now, the degree of attraction which hy- 
drogen manifests for oxygen, appears to be 
greater than that of any other inflammable 
matter*. The union of oxygen and hydro- 
gen, when ignited in certain proportions, 
forming the neutral liquid substance called 
water, warrants us in considering these two 
gases as the elementary matter of that Uquid 

* The intense degree of attraction which the new me- 
tallic bodies^ potassium^ sodium^ &c. exhibit for oxygen, 
is not within the scope of our present enquiry. 
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in its opposite states of existence, and of 
aqueous matter held in solution by caloric. 

It will perhaps serve to simplify and assist 
our enquiry, to consider all the compound in- 
flammable gases, as hydrogen gas holding 
carbon, sulphur, phosphorus, &c. in suspen- 
sion *. 

Though carbon undoubtedly increases the 

'^ The doctrine maintamed by several emin^t chemists 
with regard to the existence of gaseous carbon, appears 
altogether gratuitous. For we are not aware of the ex- 
ist^ce^ in a single instance, of carbon in a gaseous form, 
* exc^t in combination with other matter. Though ozyg&a 
gas is capable 6{ umti^ with (or rather, holding in sus- 
pension) about 40 per cent, of its own we^ht of carbon ; 
and hydrogen gas will dissolve about seven times its own 
weight of carbon (as we can prove by decomposing defiant 
gas), yet we are no more warranted in saying that the 
caibon exists as a gaseous body, than we should be in 
calling a portion of sugar or salt, which is held in solution 
by water, liquid sugar or liquid salt ! In the latter case 
we reproduce the whole of the solid matter in solution, 
merely by evaporating the water ; while the whole of the 
carbon maybe equally abstracted from carbonic acid gas, 
by washing it in any of the alkaline solutions. 
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intensity of the light given out during the 
combustion of these compound gases, yet it 
obviously retards the union of the hydrogen 
with the oxygen of the atmosphere. For the ■ 
durability of carburetted hydrogen gas, when 
employed for artificial lights, is found to be 
in exact proportion to the quantity of carbon 
held in suspension ; at the same time the in- 
flammability of the gas, or its rapid union 
with oxygen is proportionably retarded. Aiid 
as might be naturally expected, the heat given 
out during the combustion of these compound' 
gases will follow the same law — ^its intensity 
must diminish in proportion as the hydrogen 

That the most intense degree of heat we 
can produce artificially results from the vio- 
lent attraction manifested by hydrogen for 
oxygen, is proved by that very beautiful in- 
vention, the oxy-hydro-blow-pipe of the late 
Dr. Clarke. In the operation of this instru- 
ment we may almost be said to have no com- 
bustible body present, though we have the 
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elements oi jlame in a high degree. For if 
the jet of compound gas (= 88 oxygen and 12 
hydrogen) be thrown into a heated chamber 
of iron or porcelain, at any temperature above 
700 degrees Fah. the gases instantly unite 
and form water ; at the same time giving out 
an intense degree of heat to the adjacent 
media. Now this heat is nothing more than 
the sudden disengagement of that portion of 
caloric which previously existed in the two 
gases; holding, as it were, the elements of 
water in their ultimate or gaseous states of 
existence. 

Therq is however an essential difference be- 
tween the caloric existing in the form of steam 
or aqueous vapour, and that which exists in 
the form of oxygen and hydrogen gas. In 
steam, caloric exists merely in a state of me- 
chanical or artificial mixture ; from which it is 
disengaged by the contact of any media hav- 
ing at the moment a. lower temperature. But 
in the form of gas, the caloric has lost its sen- 
sible properties and become passive or latent; 

D 
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and is capable of maintaining its gaseous form 
under every reduction of temperature. ^ 

This view of the agency pf caloric would 
lead us infinitely beyond our present limits 
were we to pursue the enquiry in detail, we 
must therefore confine ourselves to the imme^ 
diate subject under consideration — the pro-? 
duction of artificial heat — by tracing, briefly, 
the economical agency of oxygen during the 
process of combustion. 

Although a more powerful degree of attrac* 
tion seems to exist between hydrogen and oxy- 
gen than is manifested by the other inflammable 
bodies, yet carbon and oxygen unite also with 
great avidity ; and from the universal presence 
of carbon (forming as it were the nucleus of 
all kinds of vegetable fibre, and the chief con- 
stituent in all the varieties of animal and veget-^ 
able oils) it must be regarded as the basis of 
permanent combustion; whilst hydrogen 
forms the basis of flame. 

From the phenomena attending slow com^ 
bustion, we should consider carbon as the pa^ 
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tient and oxygen as the agent. For during 
the process, carbon is reduced to the gaseous 
state by the oxygen, forming carbonic acid : 
while the volume, and all other essential pro- 
perties of the oxygen undergoes no change 
permanently. 

Oxygen may therefore be considered merely 
as the vehicle for dissolving and carrying off 
the carbon given out by the process of com-^ 
bustion. Or, stated in anqther form — oxygen 
is the agent by which carbon becomes trans- 
ferred from its solid state, or in combination 
with hydrogen ; to that of an oxide, or neuT 
tral gaseous state, as in carbonic acid. But 
during this solution of carbon in oxygen gas, 
the more valuable part of the process as con* 
nected with civil economy takes place, the 
disengagement both of light and heat. 

It is, however, worthy of remark that a very 
essential difference exists between the pheno- 
mena resulting from the union of hydrogen 
and oxygen, or that of carbon and oxygen : 
diQugh both these processes evolve heat and 

D 2 
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light. Hydrogen and oxygen as we before 
mentioned being condensed into the liquid 
foiTn of water; the most valuable agent in 
nature. Whilst carbon and oxygen still main^ 
tains the gaseous form even when submitted 
to the lowest temperatures or to the most in- 
tense heat of our furnaces, 
' With regard to the valuable properties of 
fuel as applicable to domestic purposes, it 
would hence appear, that those substances 
which yield the greatest proportion of hydro- 
gen will ccBteris paribus be most valuable. 
Consequently the more inflammable varieties 
of wood ought to give out a greater degree of 
heat, in a given time, than an equal weight of 
coke or coal. From the evanescent nature of 
hydrogen and its compounds, it is however, 
necessary that if any kind of wood, or any of 
the vegetable or animal oils be employed for 
producing heat for domestic uses, that the 
combustion of these substances should be ef- 
fected in close vessels; so that the heat be 
transferred immediately to the required point. 
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instead of being allowed to radiate or become 
lost by its escape into the atmosphere. 

According to this view of the subject it will 
be evident, that a pound weight of wood 
would heat a given area or apartment 10 or 
15 degrees Fah., in a much shorter period than 
an equal weight of coal, provided the heated 
air be not allowed to escape through the chim- 
ney shaft. For temporary purposes, therefore, 
as in apartments which require the tempera- 
ture to be elevated a few degrees in a short 
time, it would appear that wood of good qua- 
lity, or that which is most inflammable, pos- 
sesses very decided advantages over coal or 
coke for heating apartments. 

The most economical method of using wood 
for the purpose of fuel, is that of a close cham- 
ber stove, such as is in common use in Ger- 
many and the chief part of the north of Europe, 
and which will be described hereafter. If the 
plan of constructing our fire-places in this 
country for the burning of coal, be defective 
in principle, the mode of burning wood in our 
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farm houses and cottages is infinitely Averse. 
From the fugacious properties of this fuel, it 
would not be too much to say that at least 
three-fourths of the heat produced from wood- 
fires (iHore especially the smaller kind or fag- 
got wood) is lost to the apartment by its 
escape up the chimney. Whereas, the very 
small portion of carbon or soot that deposites 
itself from the smoke or vapour of wood, would 
allow pipes to be extended in a lateral or any 
other direction, so as to give out nearly the 
whole heat of the fuel to the building without 
producing any ultimate inconvenience by the 
choaking of the pipes. How long the present 
wasteful as well as inconvenient system of 
burning wood will yet prevail in the cottages 
of the poor of this country it is impossible to 
guess. For any person endeavouring to con- 
vince them of their want of economy in this 
respect, would have to contend both with ig- 
norance and prejudice in favour of every old 
custom, however absurd. 

Improvement must, in such cases, doubtless 
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enianate with the better classes. But it is to 
be feared that very valuable class of our po- 
pulation, called the " English Yeomen/' are 
not much more exempt from prejudice against 
all kind of improvement, than their more 
humble neighbours. It is therefore almost 
Jhopeless to expect that any suggestions should 
prevail over those who employ wood for fuel 
in this country, to adopt the infinitely more 
economical plan of burning it in a close stove ; 
notwithstanding the high price of fire wood in 
many inland parts of the kingdom, where 
coals are not to be procured, but at a still 
greater price. To such persons it is only ne- 
cessary to observe that,— in spite of the self- 
complacency of our countrymen generally, in 
considering themselves so many degrees supe- 
rior to foreigners of every nation, in civiliza- 
tion and the useful arts — the subject of the 
present essay is much better understood, and 
the due management of fuel for the purpose 
of producing the greatest effect from a given 
quantity is better practised throughout eveiy 
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country in Europe than it is in Great Britain 
at the present day. — At a period too, when 
the useful arts in England are making the 
most gigantic strides in advancement; and 
more especially that class of the arts which is 
altogether dependent on, or chiefly connected 
with the consumption of fuel. 

With regard to the question of economy in 
the consumption of coals in our steam engine 
furnaces, founderies, &c. the subject has met 
with a proper degree of attention from the num- 
ber of ingenious men who have employed their 
talent in the various improvements made of late 
years in these valuable inventions ; though in 
many of the minor operations of the arts, 
where fire is employed in the process, a great 
waste of fiiel still exists, from the misconstruc- 
tion of the apparatus or a mismanagement of 
the fire. But the quantity of fuel wasted in 
this manner bears no proportion to the enor- 
mous waste occasioned by the mal-construc- 
tion of our domestic stoves or grates. And, 
what is perhaps of not less consequence to 
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the inhabitants of large or populous towns, 
the nuisance and unwholesome atmosphere 
produced by the evolution of such vast masses 
of coal-smoke. 



CHAPTER V. 



CONSUMPTION OF SMOKE. 

This leads us to the question as connected 
with the destruction, or as it is termed the 
" consumption of smoke \' a point which has 
particularly engaged the attention of several 
scientific men within these few years past. 
It must be obvious, that the only possible way 
in which this desirable object can be accom- 
plished, is, by causing the smoke which is 
given out from recent coal, to pass through a 
red-heat ; either at the instant of its evolution, 
or before it ultimately passes into the chimney 
shaft. 

Various plans have been devised for convey- 
ing away the smoke from such stoves as arc 
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employed for heating spacidus apartments or 
churches, where fire places of the ordinary 
construction attached to a chimney in the 
side walls would be inadmissible. 

It must be acknowledged, that, so far as 
carrying off the smoke is concerned, these 
** air stoves,^' as they are called, are decided 
improvements in point of elegance over those 
which have a series of flue pipes leading from 
the top of the stove through the roof, or the 
outer walls of the building. 

In point of economy, however, the air stoves 
are much inferior to those of the old construc- 
tion. For the rarified air in conjunction with 
the smoke being made to pass downwards 
through the hollow back or sides of these 
stoves into the floor or chamber beneath, 
from whence it is earned 6ut into the atmos- 
phere, the greater part of the heat evolved 
from the fuel is carried out of the apartment 
the moment it is disengaged. Whereas, the 
heated air and smoke while passing through 
the range of flue-pipes, in stoves on the old 
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construction, will have given out the greater 
portion of its caloric previous to its arrival in 
the open air. 

The same inconveniences will attach to both 
these plans of conveying off the smoke from 
detached stoves, in the liability of the flues or 
passages (whatever may be their area or 
figure) to become choaked up by the deposite 
of soot or bitumen of the coal. For notwith- 
standing the inventors of some of these fancy 
stoves pretend to consume the smoke, yet it 
is a mere pretence, for the purpose of recom- 
mending their inventions to public notice 
and patronage. It may be asserted, without 
the hazard of denial, that no modification 
whatever, of our domestic stoves, on their 
present principles^ will allow of the consump- 
tion of their own smoke. From the very 
principle on which the draft or current of air 
in chimneys depends (and which will be here- 
after fully described) the smoke or undecom- 
posed carbonic matter cannot be entirely 
consumed; some portion will always make 
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its escape, in conjunction with the heated or 
rarified air produced by the combustion. 

The deposite of soot in a chimney flue de- 
pends in a great measure on the mal-constnic- 
tion of these flues, not only from their too 
great capacity, usually, but from their lateral, 
or at least angular projections, obstructing 
the ascent of the smoke, and thus making it 
deposit its undecompounded carbon, or soot, 
against the sides and angles of the flue. 

But the evolution of smoke depends in a 
great measure o^ the method of supplying 
the fire with fresh fuel ; and still more, on 
the manner of giving the proper or sufficient 
supply of atmospheric air, in order to carry on 
the combustion. 

Supplying a fire with fresh coals from 
above, must necessarily produce a consider- 
able waste of fuel, from the immediate dis- 
engagement of a dense smoke, which carries 
off a great portion of the inflammable mat- 
ter of the coal, in conjunction with the 
aqueous vapour and ammoniacal gas. And 
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this effect is increased in proportion to the 
quantity of recent coal thrown on at one time. 

A very mistaken notion vulgarly exists on 
this point, — and which could scarcely have 
been suggested but by some one interested in 
the consumption of coal) — that it is econo- 
mical to supply a fire with a large mass of fuel 
at once, rather than to add it occa^ionaUy, as 
may be requisite for domestic purposes. 

If domestics could be made acquainted 
with the loss of heat sustained by adding 
large masses of coal at one time, and the con- 
sequent delay and inconvenience to their cook- 
ing operations, they would not so uniformly 
resort to this wasteful practice, on their own 
account, whatever disregard they may evince 
for the household economy of their masters. 
It is, however, pretty well understood, that 
the upper class of servants, in many families, 
have a direct interest in the amount of the 
coal merchants' hill! consequently, econo- 
mical arrangements, for the more effectual 
combustion of fuel, as well as ordinary dis- 

13 
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ccetion in supplying domestic fires, become 
secondary considerations ; or rather, are con- 
sidered according to the inverse ratio. 

It is also a source of constant complaint 
with those, whose ingenuity have devised any 
improvements in kitchen stoves and cuHnary 
apparatus, for the greater economising heat 
and preventing waste of fuel ; that domestics, 
— ^more especially those important person- 
ages termed cooks — almost uniformly resist 
the adoption of these improvements, (either 
through ignorance, or from some less excuse- 
able grounds), unless their employers have 
the firmness to retain the command of their 
own household, by making the adoption of 
any requisite improvement a sine qud non in 
the services of such domestic. 

Yet, it must be acknowledged that, in spite 
of all authority or mandate, our domestic 
comforts are so much under the controul of 
the aforesaid important class of persons, that 
the man must have some little temerity who 
defies, or dares to be on bad terms with the 
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head (whether male or female) of the culinary 

establishment ! 

The addition of small quantities of coal at 

one time, is far more economical than large 
masses, from the almost immediate elevation 
of its temperature, by which the inflammable 
gases ignite and form flame, instead of being 
driven up the chimney shaft, (or, as it often 
happens in chimneys badly constructed) being 
thrown out into the room in the form of 
dense smoke ; such smoke being not only in 
itself an intolerable nuisance, but also carry- 
ing off that carbonic matter, and depositing 
great portion of it in the chimney, which 
ought to have been decomposed by the fire 
into carbonic acid gas, giving out Ught and 
heat to the surrounding apartment. 

As the compound gases disengaged from 
coal in its recent state, are much lighter than 
atmospheric air, the smoke disengaged from 
heated coal must always ascend ; which 
ascent is greatly promoted by the rarified 
air adjacent to the burning fnel following 
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the same route. It is therefore obvious, that 
the only way in which we can deflect this 
vertical column of smoke and warm air down- 
wards, or in an opposite direction to that pro- 
duced by its own specific gravity, will be to 
oppose a stronger current of cold air from 
above, so as to make the smoke pass through 
the ignited fuel, and thus be converted into 
carbonic acid or invisible gas. 

This is the only principle on which the com- 
bustion of the floating carbon, or, as it is com- 
monly termed, the " consumption'^ of smoke 
depends. There is not, in fact, any consump- 
tion of volume, in the gaseous matter, in this 
instance ; but that portion of carbon which 
previously existed in the opaque form of smoke 
(or sub-oxide of carbon with perhaps a little 
hydrogen combined), becomes converted into 
carbonic acid, (or saturated solution of car?- 
bon in oxygen gas) by passing through the 
ignited fuel, and escapes in its invisible form, 
by the vertical or other flues at the back of 
the fire-chamber. 

£ 
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Now this principle has been adopted under 
different modifications, as to form and ar- 
rangement, by several persons, in order to 
destroy great part of the nuisance arising 
from the evolution of large volumes of smoke. 
And it has to a certain extent succeeded, 
where the construction of the fire-place is not 
immediately dependant on the nature of the 
manufacture or process carried on. It will, 
however, be obvious, that this mode of con- 
suming smoke, can only apply to enclosed 
stoves, or fire-chambers. For the return of 
the column of smoke in an open-fronted stove 
or grate, would inevitably throw out the 
greater portion of its volume into tlie sur- 
rounding air of the apartment. 

It is, moreover, essential, that the supply 
of air for combustion should be given froni 
above, instead of beneath the fire> as in our 
present domestic stoves. As the different 
kinds of stoves which have been invented for 
destroying the smoke, and economising fuel, 
in the heating of buildings, will be described 
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under the proper head in the body of the 
work, it is only necessary here to add, that it 
appears to be quite impossible to apply the 
principles of economy in the management of 
fuel, to the greatest advantage, whilst our 
national taste makes us obstinately adhere to 
what is termed " the fashion ;" — or, in other 
words, an attachment to mere conventional 
points of ornament or caprice; instead of 
utility, domestic economy, and health. 
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CHAPTER VL 



CHANGES INDUCED IN THE AIR BY 
COMBUSTION AND RESPIRATION. 

It will be necessary to examine, with some 
degree of attention, the changes induced on 
atmospheric air by respiration, combustion, 
and fermentation ;— by way of ascertaining 
the most ready and effectual means of coun- 
teracting the deleterious influence of such 
vitiated aerial matter, at the instant of its 
evolution : or, if that be impracticable — of 
suggesting the most economical way of dis- 
persing such noxious matter, by a free supply 
of air from the atmosphere. 
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. It has been satisfactorily shewn, by nu- 
merous experiments, conducted by the most 
eminent chemists and physiplogists of the 
present age, that thje changp i^duced in at- 
mospheric air by anim^.! respiration, is nearly 
as follows :— A given portion, of common air, 
(consisting of oxygen gas 21, and azote,. 79 J 
or, in round numbers, 1 of the former, and 4 
of the latter), being inhaled into the air-cells 
of the lungs, and, after a few seconds, being 
ejected into a pneumjitic jar or receiver, and 
subsequently examined by chemical tests, is 
found to have lost very little, if any, of its 
volume ; but the oxygenous portion is become 
charged with carbon, under the form of car- 
bonic acid gas. At the same time a certain 
quantity of steam, or aqueous vapour, is 
emitted ; but whether this vapour is the result 
of any union between a part of the oxygeaof 
the air and the hydrogen in the human frame; 
or whether it is due to the quantity of water 
or vapour, which the high temperature of the 
expired air would naturally hold in suspension 



II 
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*— hais not yet been %'ery satisfactorily deter- 
mined. The latter presumption is far the 
more probable. For if any material portion' 
of oxygen welrfe absorbed, and condensed itt 
the formation of water, (and we have already 
shewn, that ev^ty cubid inch of hydrogen 
would require half a cubic inch oky gen), the 
volrime of the air expired from the lungsi 
would be considembly diminislied :-^— wher^sua^; 

the iiimihution in bulk is v6ry slight, or 

» * " 

iitarcelj appreciable, if the ekperimeiit be 
dkrefully performed, and the average of 
several experiments obtained. 

The subseqiierit passage of this expired air 
through a poLn of lime water, ako shews 
that neariy the Ivhole of the matter abstracted 
from the lungs, was carbon, or carbonic mat-- 
ler, accompanied by slight traces of ammbniiEi 
and sulphur. 

It has hitlierto bieen considered by che*- 
mists of the first eminence, both English and 
foreign, that the salubrity or vitality of at- 
mospheric air, depends almost entirely, if not 
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altogether, on the due proportion of the oxy^ 
genous part, and the exercise of its power^ 
ful agency in absorbing and carrying off the 
carbon, &c, of the blood, during the process 
of respiration. That ornament of British 
science. Sir H. Davy, during many of his 
elaborate experiments on the decomposition 
of the alkalies, proved that the azotic por- 
tion, or nitrogen of the atmosphere, resisted 
all attempts that could be made for its further 
decomposition, either by means of the gali- 
vanic battery, or by the combustion of the 
alkaline metals, potassium or sodium. Ni- 
trogen is therefore entitled to the name of 
simple gaseous matter, perhaps in a greater 
degree than any other substance. 

By farther experiments, the same illustrious 
chemist proved azotic gas to be the peculiar 
matter, or base of the nitrous or nitric acid ; 
hence the term nitrogen^ which is now more 
general, and perhaps more appropriate than 
the French denomination, azote. But, not- 
withstanding the peculiar properties of this 
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gaseous matter, and the circumstance of its 
constituting four-fifths of the entire bulk of the 
atmosphere, its agency in the economy of na- 
ture, appears to hav e been a point which phi- 
losophers have hitherto overlooked, or at least 
have assigned its operation to a very Hmited 
sphere, in the supposed production of natiural 
phenomena. 

Dr. Ure, in his invaluable Chemical Dic- 
tionary, thus concludes his notice of the pre- 
sent state of chemical research, with regard to 
nitrogen : — " Its uses in the economy of the 
globe are little undersood. This is likewise 
favourable to the idea, that the real chemical 
nature is as yet unknown, and leads to the 
hope of its being decomposable. It would 
appear that atmospheric azote and oxygen 
spontaneously combine in other proportions, 
under certain circumstances, in natural ope- 
rations. Thus we find, that mild calcareous, 
or alkaline matter, favours the formation of 
nitric acid, in certain regions of the earth ; 
and that they are essential to its production 
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in our artificial arrangements j for forming 
nitre from decomposing animal and vegeta- 
ble substances/^ 

Now the acknowledgment of so high an 
authority as Dr. Ure in chemical science, 
^* that the uses of nitrogen in the economy of 
the globe are little understood/'— though cal- 
culated to make us despair of absolute suc- 
cess, in any such investigation ; yet the writer 
of these Observations, feeling how intimately 
such enquiry is connected with the immediate 
object of the present work — ^has, with some 
diffidence, ventured to throw out the following 
remarks, on the probable influence which ni-- 
trogen may be supposed to exercise^ not only 
in the functions of animal life, but also, in 
other departments of the grand and beautiful 
laboratory of nature. 

That azote, or nitrogen gas, does not appear 
to exercise any considerable agency, either in 
the respiration of animals, the combustion of 
fuel, or during the decomposition of animal 
and vegetable substances, is no proof that such 
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agency may not exist! That the powers of 
our organs of perception are limited, very 
hmited — it would be presumption to deny. 
We may doubtless demonstrate and classify 
that portion of the operations of nature which 
is tangible to our imperfect powers ; but with 
regard to that which is beyond our vision ol* 
perception — no small portion of creation f^-^ 
we must content ourselves by merely reason* 
ing from analogy, or employing synthetical 
calculation, in order to form any tolerable 
conception of the agency of a variety of mat* 
ter in the grand arcana of nature. And, from 
the substance called nitrogen, having eluded 
the experimental researches of the most emi- 
nent chemists of the present age, we are the 
more justified in applying this mode of en-^ 
quiry, to estimate the real nature of that in- 
teresting substance. 

To suppose that .the great mass of our 
atmosphere should be unemployed, or inert, 
in the great magazine of nature, while the 
minor part is known to be so important 
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an agent in the animal functions ; would be, 
to suppose an inconsistency in the grand 
designs and objects of the Great Author 
of the universe, who surely cannot be ima- 
gined to have created a single atom in 
vain! 

If nitrogen were either neutral gaseous mat- 
ter, or a mefe diluent of the oxygen of the 
air, it would, in all probability, not have 
constituted four-fifths of the entire mass, 
whilst one-fifth oiily is apparently employed 
in respiration, &c. 

We know not whether the nitrogen of the 
atmosphere may not be equally instrumental 
in carrying off the hydrogen, (under the form 
of ammoniacal gas), as the oxygen is in carry- 
ing off th6 carbon as carbonic acid gas. We 
know certainly that the process of digestion 
and subsequent putrefaction, gives oflt a v6ry 
considerable portion of coinpound gas ; irioite 
especially from many varieties of vegetable 
food. And we are able to ascertain with 
tolerable accuracy, the nature of these gasei^. 
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which prove them to consist of. hydrogen 
impregnated >vith carbpn, sulphur, phospho- 
rus, &c. 

- Now, without admitting the agency of ni- 
trogen in this case, it would be difficult, to 
account for the expulsion of this gaseous mat- 
ter from the human body. Though it must 
appear to be equally necessary for the preser- 
vation of health, that this gaseous, or, as it 
jnay be called, alkaline and animal matter, 
should be carried off from the body ; as that 
the carbon of the blood should be expelled 
from the system by the oxygen absorbing it 
from the air-cells of the lungs. 

Or we should perhaps have stronger reasons 
to believe in the agency of nitrogen, as an in- 
dispensible in preserving the healthy functions 
of animals, if we take into account the vast 
quantity of transpirable matter given off from 
the surface of the body, in a healthy state. 
Now although carbon may form a certain por- 
tion of this gaseous matter of the skin, yet our 
olfactory nerves den^onstrate to us beyond a 
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doubt, that a considerable portion consists of 
the volatile alkali called ammonia, which 
alkaline gas is known to be a compound of 
hydrogen and nitrogen. 



CHAPTER VII. 



PROBABLE AGENCY OF HYDROGEN GAS 
IN NATURAL PHENOMENA. 

MoNS. Guy Lussac, in some late researches 
on this interesting compound, having demon- 
strated that 3 cubic inches of hydrogen gas, 
and 1 cubic inch of nitrogen, on being mixed 
together, become condensed into half their 
volume, or 2 cubic inches of ammoniacal gas, 
possessing a spec. grav. of 590, atmospheric 
w equal 1,000; or conversely, — 100 cubic 
inches of ammoniacal gas, may be decomposed 
into 50 inches of nitrogen, and 150 of free 
hydrogen. 

As hydrogen is known to be evolved in vast 
quantity by the decomposition of vegetable 
and animal substances ; and probably during 
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the decomposition or evaporation of water 
also ; we shpuld be at a loss to acqount for the 
immediate disposal of such immense volumes 
of this gaseous matter, without ?illowing the 
agency of nitrogen gas _ for. its reception, and 
condensation. From the e:^treine levity of 
hydrogen (pure hydrogen not weighing more 
than about 1:15 common ^.ir ; ox^ ^ .070 to 
1000) it would ascend . through the lower 
i^trata of the atmosphere with vast rapidity 
at the inst^tflt of its evolution^ by the decom-' 
position of vegetable and inflammable sub- 
stances, provided it met with . no obstacle to 
retard its progress. 

The admixture of hydrogen and oxygen at 
the ordinary temperature of the air produces 
no perceptible chemical change , ox reduction 
of volume; though their unioji at about 700 
degrees Fah. is attended with such violent 
effects, from the disengagement of light and 
heat, and the consequent reduction of volume 
from 2.000 to 1. The admixture of hydrogen 
and nitrogen, on the contrary, enter into che- 
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mical combination at the common tempera* 
tures; attended with condensation of volume 
=.5 of the component gases. Hydrogen gas, 
therefore, cm being evolved by the decompo- 
sition of vegetable matter, will be immedi- 
ately arrested, and partially condensed, by 
coming in contact with the nitrogen of the 
air ; while the oxygen of the air will not unite 
with hydrogen, until the latter forms more 
than three times its own bulk of the nitrogen 
present. Or, in other words, until all the 
nitrogen has been converted into ammoniacal 
gas. Which process would require (accord-* 
ing to the proportions assigned by M. Lus-^ 
sac) 12 volumes of hydrogen to every 4 vo- 
lumes of nitrogen in the atmosphere. Or^ a 
quantity of hydrogen =12:5; or more than 
double that of the whole volume of the atmos- 
pheric mass ! 

Now however preposterous such a sup- 
position appears at first view, something of 
this nature would obviously be the result, if 
the vast portion of hydrogen (and its com- 
10 
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poiinds earbttretted, sulphuretted, and phos* 
phuretted hydrogen) known to be constantly 
given out into the atmosphere by vegetable 
and animal decomposition, had no other 
agent to effect its removal than the oxygenous 
portion of the air. Which haa been hitherto 
con^dered, or rather assumed to be the only 
*^ vitar^pbrtion of the atmosphere. Though 
we have endeavoured . to shew that oxygen 
is not capable of uniting chermcally with these 
noxious gases at the ordinary temperature of 
the air, >'*. .^ 

But in admitting < the agency of nitrogen, as 
before mentioned : we have, inithe first in-i 
stance, a vehicle always present, to seii:e upon 
and carry oflf the hj^drogen gas, from its usual 
combina4;ions with sulphur, carbon, &c. as it 
becomes gradually evolvedduring the processes^ 
of organicdecomppsition. While these noxious 
substances will be again precipitated in^ the 
solid form, either immediately . they become 
liberated from theJiy<^ogen;. or, else by unit- 
ing in a state of :mebbanical mixture or sus« 
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penfiioh with the oxygen of the fur in the firat 
place, and subsequently, be abstracted firom 
this combination by the attraction mam^ted 
by Ume and the other alkaline bodies. 

This theory of tiie different states of exist** 
ence in which carbon, sUlphiur, or phosphorus 
enters into combination with hydrogen, or 
with oxygen, is beautifuHy illustrated by the 
process of gas-making. 

For the purpose of purifying Coal gas, — ^e 
erode gas after being passed through con- 
densing pipes to arrest the undecomposed tar 
and ammonia, is passed through a solution of 
lime, or lime m a stete of powder ; by which 
means the whole of tiie scdphurous add exist** 
^g in the gas, as well as the chief part of the 
carbonic add is arrested by tiie Ume, formbig 
sulf^ate and carbonate of Hme. Whilst the 
carburetted hydrogen or pure inflanmiable 
gas passes on through the mass of Hme with- 
out any material diminution of its volume. 

We may, therefore, be allowed to call 
the former compounds in this case, by the 



name of me^hnhicai ittixtbre, or saspemkritj 
while ciarburetted hydr<^eri is 6 chemical «^' 
lutioti of ctirbott in hydfogeri gaus, and conse-^ 
quently not decdmpoteable by othet metier a^ 
the ordinary temperatare of the atmosphere. 

The routine which a portion of vegetable 
substance (or more properly carbon in con- 
junction with hydrogen, as the chief consti- 
tuents of wood) undergoes in its different stages 
of decomposition may therefore be very nearly 
traced as follows : — By the fermentative or 
putrefactive process, part of the carbon of or- 
ganised matter becomes carried off by the 
oxygen of the atmosphere, while the hy- 
drogen, being disengaged, will fly off in a 
gaseous form. But we have seen that it will 
immediately enter into a new combination, 
by uniting with the nitrogen of the atmo- 
sphere, and forming gaseous ammonia. This 
ammonia will again be absorbed with great 
rapidity by any water which may be adjacent, 
while the carbonic acid formed by the oxygen 
of the air (including the carbonic or sulphu- 

F 2 
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rous matter, left behind by the hydrogen in^ 
forming ammonia) will be absorbed by any 
calcareous or alkaline substances adjacehtj 
Chalk or limestone consisting of .44 of car- 
bonic acid and .66 of lime. 



CHAPTER Vm. 



MEANSOF DETECTING NOXIOUS GAS IN 
HOUSES ; AND OF .COUNTERACTING ITS 
EFFECTS. 

The purity or impurity of the air we breathe 
admits of a wide and most interesting field for 
investigation, not only as it influences the 
functions of animals, producing health or dis-i 
ease, but also as it affects vegetable life. Biit 
we cannot extend our limits beyond that of 
its immediate connection with the subject- of 
the following pages. - 

By examining with attention what tak^s 
place during the deterioration of air by respi- 
ration, or combustion, we are enabled to em- 
ploy certain means for obviating, or at least 
neutralizing, the noxious agency of such vi- 
tiated air upon animal life in general. 

For example : — In any confined apartment 
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which does not admit of a current of air, a 
number of persons will very soon render such 
an atmosphere highly insalubrious; not only 
from the carbon thrown out from the blood, 
but also by the ammonia resulting from the 
transpirable matter of the skin. 

Now we baye previously stated, that water 
win absorb nearly 460 times its own bulk of 
ammoniacal gas ; whilst a solution of limie will 
absorb from two to three times its own bulk 
Qf carbonic acid. Jt cannot therefore admit 
of a doubt, that, if vre place an open vessel 
containing fresh, or pure water— or which 
wciuld be' preferable, water with a small poiw 
tion of irecent lime dissolved in it-r-in.any 
'lipartAient where the air has been much vi* 
tiated ; — that the greater, portion, if hot the 
who]e of the noxiovs mattter will be absorbed. 
It would in such casea be adviaable to stir c^ 
agitata the liquid^ so as to bring its whole 
mass in contact with ^e air in succession : 
aji^ also desirable to have it renewed, when 
the liquid may be smpposed to be saturated 
with the gaseous matter. In the invent of a 
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close room having its atmosphere depraved 
by the combustioQ of artii&cial lights; oc 
which is still worse, by the combustion of 
charcoal or coke; a large vessel contsdning 
recent lime-water would have a most sal^itary 
effect, by absorbing the carbonic acid. 

It is on this principle only that white-wash* 
ing the walls of buildings is found so condu- 
cive to their salubrity. Recent lime absorbmg 
carbonic acid from the air with considerable 
avidity. For this purpose, however, pure 
lime-wash is preferable to whitening ; for the 
latter substance is already a sub-carbonate of 
lime, consequently it cannot evince so much 
attraction io^ carbonic acid, a& lime iii its re* 
cent state from the kiln. 

In descending coal-mines, wells, cellars, or 
other subterraneous chambers, more or ka^ 
carbonic acid gas is almost always found ip, 
a state of mixture with the air» In such 
cases, perhaps the only efiectual way of puri- 
fying the atmosphere would be by expelling 
ihe noxious gas mechanically • That i$, by 
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employing an exhausting pump with a leather 
hose, or pipe, reaching to the bottom of the 
chamber; (this gas being much denser than 
common air) or, which would be far better— 
using a condensing, or force-pump, to throw 
in atmospheric air; which would of course ex- 
pel an equal volume of the noxious gas. ' 
^r In those cases where such means are not 
applicable-^If a vessel or vessels such as open 
mouth buckets containing hme water, were 
lowered into those chambers or cavities pre- 
vibus to any person venturing to descend in 
such hazardous situations, it would be the 
m^ of at least dimimdimg the danger, by 
absorbing some portion of the carbonic acid 
gas. 

In order to ascertain whether carbonic acid 
gas exists in any vault, or other situation, 
(where^.on account of its - density it will 
always occupy the lowest level) a lighted 
candle or lamp may be employed with the 
greatest advantage. A candle attached to a 
long pole, or an open Ian thorn suspended by 
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a rope may be lowered into the area or flooring 
of the vault. If the light burns dim, and be^ 
comes speedily extinguished, there is consi- 
derable danger in any man venturing down 
the vault or well. But if the light be imme- 
diately extinguished, it would be inevitably 
fatal to a man attempting to descend. 

If, on the other hand, a light on being low- 
ered to the flooring of such apartment, bums 
with its usual brilliancy, it is a proof that little, 
if any, carbonic acid gas exists in the atmo- 
sphere of such vault or cellar. 

A great source of the carbonic acid gas in 
cellars, brewhouses, &c. ; arises from that gas 
being evolved in great abundance by the fer- 
mentation of wine, beer, &c. But its accu- 
mulation, is in a great degree owing to the 
exclusion of atmospheric air, in order to pre- 
vent those changes of temperature so frequent 
in our climate ; and which is so injurious to 
that equable fermentation found to be essen- 
tial for all vinous liquids, destined to keep 
any considerable time previous to use. 
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enters into the formation or production of 
stagnant water ; we may infer, with tolerable 
accuracy, the nature of its contents: and 
calculate the probable effects of its subsequent 
evaporation or solution in the circumambient 
atmosphere. 

In tracing the progress of gaseous matter 
through its different states of existence, we 
have already shewn, that water absorbs a 
vast quantity of ammoniacal gas. Now this 
gaseous matter may be always distinguished 
by its peculiar odour, the volatile alkali. And 
as might be inferred, the stagnant water of 
ponds (more especially where vegetable mat- 
ter abounds) always exhibits the disagreeable 
effluvium of ammonia ; particularly- when agi-. 
tated so as to disengage this gaseous matter. 

But in many cases the smell of sulphuretted 
hydrogen, or that offensive gas which ema- 
nates from cloaca J or other collections of ani- 
mal matter, is also very distinguishable when 
stirring the water of ditches. The water also 
contains a small portion of light carburetted 
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hydrogen gas; as may be proved by filling a 
tumbler or wide-moiith bottle with water, 
and holding it inverted on the surface of such 
pond or ditch, while the water is stirred with 
a stick. When bubbles of this gas in com- 
bination with sulphuretted hydrogen, will rise 
through the water and dbplace the water in 
the bottle. — On being mixed with from 5 to 
10 times its volume of atmospheric air, an 
explosive mixture will be formed, which may 
be fired by applying a lighted taper j care 
being taken to perform the experiment with a 
small quantity of the inflammable gas, and a 
wide mouth bottle, iii order to prevent acci- 
dent from the sudden expansion of the explo- 
sive mixture bursting the bottle. 

Stagnant water may therefore be consi- 
dered as a weak solution of ammonia; con* 
taining also a certain portion of isulphuretted 
or carburetted hydrogen gas ; and the quan- 
tity of ammonia will obviously depend on the 
length of time and the quantity of vegetable 
matter in the state of decomposition ; as well 
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as ff 6m the progress of evi^oration of the- 
aqueous particles ; by which the alkaline mat> 
ter will, of course, become more concentrated 
in proper tion« Such putrid water, for instance^ 
as the ditches or dykes of the lower level^ or 
fen-oountries exhibit at the latter end of tiii^ 
summer, from the preceding evaporaition^ and 
the want of rain^ 

Now it will be easy, from these data^ to 
explain the origin, (or at least the probdble 
cause) of those intermittent fevers which ai« 
known to be peculiar to the districts befok^ 
mentioned ; and which ^e always most pr^. 
Talent in the autumnal season, wh^ ther 
ditches, or stagnant Water, become ne&fly 
evaporated. 

While these ditches remain filled, or nearly 
filled, with water, the exhalations are probft^ 
bly confined almost elitirely to the aqfn^odisf 
particles; but as the water evaporates, thfe 
alkaline, or deleterious matter, will at la^igtb^ 
follow the same course ^ and consequently' 
impregnate the air of the immediate neigh*- 

12 
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bourhood with its noxious qudities. The bad 
effects of which will be greatly increase, if 
any kind of animal matter also eaddts, in con-^ 
junction with the putrid iregctable substanceid, 
or their residuunif-^mnmonia^ and the other 
deleterious ga««« 

That ibis is the true theory of the produc- 
tion of putrid water, when exposed to the air, 

* It is highly probable th&t the nud^arid, which rea* 
dets the Gamp&nia in the vicinity of Rome so insalubrious 
in the autumnal months^ is occasioned by the evolutioA 
of this gas. The flat surface of the land^ and the want 
of drainage owing to the culpable idleness of the inhabit- 
ants, allowing the water to stagnate in tibe ditdies ; and 
with the he$tt of! the cHmate very soon becdbun^ pu*^ 
trescent : while the great rapidity of evaporation witt at 
length render these ditches perfectly dry, and of course 
dissolve the alkaline or putrescent matter in the adjacent 
atmosphere. — In districts where water dikes or canals 
form the sub-divisions of the land, these receptacles of 
water should always be of sufficient depth to prevent 
their entire evaporation during the autumnal season. 
And, wherever it is practicable, they should also be sup- 
plied with a small stream of fresh water, in order to pre- 
vent stagnation and putrefaction. 
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is pi-oved by the well-known fact, that rain- 
water, or river-water, which contains little, if 
any, saline matter in combination, is ' most 
liable to putrefaction; while spring-water, 
which contains usually some portion of saline 
or mineral substance, will keep sound for a 
longer period. And sea-water, or strong so- 
lutions of other minerals — ^as is well known- 
still farther resists the process of putrefaction ; 
probably from the muriatic or other acids re- 
sisting the absorption of ammonia from the 
air. 

The water of peat-bog has also the property 
of resisting putrefaction in a remarkable de- 
gree. But whether this is to be ascribed to 
the existence of the carburet of iron usually 
found in such bog-soil, or to other mineral 
matter in combination, is not exactly known. 
The fact is, however, of vast importance, as 
regards the salubrity of districts such as 
Holland, and the greater portion of Ireland, 
and parts of Scotland, and the North of Eng- 
land. For the stagnant ponds of water, (from 
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the rain filling the cavities from whence peat 
has been cut), and the swampy surface of 
bog-land in general, would render such dis- 
tricts perfectly uninhabitable, if the water of 
these ponds were equally liable to putrefac- 
tion with that of other stagnant ditches or 
basins. 

The immediate consequences of the stag- 
nation of fresh water, especially under the in- 
fluence of a warm climate, appears to be the 
production of myriads of animalculae ; which 
minute animals, by their increase, serve 
greatly to accelerate the process. — Putre- 
faction of water may thus be almost said to be 
a process, sui generis ; though it may be in a 
certain degr^ induced, by the absorption of 
that gaseous matter, (ammonia), which is 
known to form a large constituent in all 
animal, and many vegetable substances. 



G 



CHAPTER X, 



EFFECTS OF VITIATED AIR ON ANIMAL 

LIFE. 

Although it would not be consistent with 
the narrow limits of our present work, to enter 
into any enquiry as to the mode in which the 
mal-aria of marshy districts acts on the hu- 
man frame ; whether the deleterious matter 
known to exist in marsh miasma, be absorbed 
by the lungs, or the skin ; or whether the at- 
mospheric air loses part of its agency (as a 
vehicle for carrying off the feculent exhala- 
tions of the body) through being impregnated 
with the peculiar matter evolved from stag- 
nated waters, — are questions more imme- 
diately connected with physiological research 
than civil or domestic economy. — Yet the 
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great — the intense interests, which are ob- 
viously involved in the better understanding of 
the probable source of those noxious matters 
that float in our atmosphere, and exercise 
such a baneiiil, and often, ^al agency, on 
the fbnctions^ of animal life; are considerations 
which would almost wa^nrant us in pursumg 
the enquiry here, could we hope to demon^ 
stmte the mode of opemtion^ or the uniform 
agency of these delet«ioas gaseous bodies on 
that beautiful and wonderfiil piecie of me- 
chianism, the human frame^-^But, sdas ! we caii 
onfy speculate, instead of demonstrate. We 
can only reason, by analogy, from what we 
know of these gaseous substances, in their 
more coticentrated form, as to what may be, 
or ought to be, expected from their action, in 
a dili^ted or attenuatcid state. 

Hence, we know that carbonic acid gas 
will dei^roy lif6, on^ being inhaled a few times 
into the lungs^ Therefore, we say, the smallest 
portion of this highly noxious gas must be, to 
a certain extent, deleterious. 

G 2 
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Sulphurous acid gas is equally fatal to 
animal life; producing that peculiar odour, 
and suffocating or spasmodic effect, \(rhich is 
occasioned by the common operation, burn- 
ing brimstone on a match. 

Nitrogen gas is also incapable of support- 
ing animal life, until it becomes mixed with 
one-fiflh of its volume of oxygen — or the ele- 
ments of common air. But there exists this 
peculiarity in the compound of nitrogen and 
oxygen — that its constituents have a greater 
mutual attraction (at the atmospheric tern- 
peratures), than any other gaseous compound 
with which we are acquainted. Consequently, 
while other varieties of gaseous matter are 
occasionally found in a state of mixture or 
mechanical suspension in the air, (and which 
. ™2ty, perhaps in every case^ — ^be absorbed or 
withdrawn, by applying certain other sub* 
stances which have a greater attraction for 
the specific matter) — the atmospheric com- 
pound itself appears to resist effectually all 
decomposition or reduction, from any of the 
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ordinary processes of nature. It retains in- 
variably its respective proportions of the two 
elements, (4 nit. and 1 ox,) at whatever 
altitude in the atmosphere it has been exa- 
mined, or from whatever part of the world it 
has been collected for examination, by the 
usual chemical tests. 

Hydrogen gas is also incapable of support- 
ing life; though not so immediately fatal as 
the preceding gases. We indeed know very 
little of the effects of pure hydrogen. It 
however appears to be the grand agent or 
menstruum, in which most other deleterious 

4 

gaseous matter is held in solution, when they 
are found mixed with the atmospheric air. 
Thus hydrogen and nitrogen, though in their 
separate state possessing neither taste nor 
smell, yet when combined, they produce the 
remarkable compound called volatile alkali ; 
which, as we have before stated, consists of 
three parts (by measure) of the former, and 
one of the latter. 

Now as we know this compound gas is ab- 
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sorbed by water with great avidity--^in the 
enormous proportion of 460 : 1 — it affords iw 
a beautiful illustration of the salutary agency 
of water in the grand economy of nature»>^«It 
has been sufHciently shewn already, that, if 
any considerable portion of ammoniacal g^ 
were allowed to remain, for any length of 
time, in the air we breathe, it would inevi- 
tably debilitate, if not destroy the animal 
functions. The extreme lassitude experienced 
by those who have been exposed to a depraved 
atmosphere for many hours together, being 
well known to every one. The Great Author 
of our existence has, therefore, benefic«itly 
supplied us with an immense omnipresent 
agent, capable of absorbing, probably, all the 
gaseous matter of this kind which can ever be 
developed, by the decomposition of animal 
and vegetable substances. 

This absorption of ammonia by water (which 
may be taken as a thing proved, and incon^ 
testible), during the changes of matter by the 
ordinary operations of nature, is, moreover. 
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capable of easy explanation on the principles 
of chemical attraction. 

The composition of water has been demon^ 
strated, by the moat profound chemists of 
Europe^ to be 88 parts (by weight) oxygen, 
and 12 of hydrogen * ; or, (according to the 
beautifully simple doctrine of chemical equi-^ 
valents by Dr. Ure)^ 8 oiygen wad 1 hy-* 
drogen. 

From the same able authority, supported 
also by the profound M. Lussac, we are iii-^ 
formed, that ammonia consists of .972 nitro* 
gen, and *208 of hydrogen ; or in the propor- 
tion of 4.7 of nitrogen t6 1 hydrogen, by 
weight : though^ in volume^ as 3 of the latter 
to 1 of the former^ 

Now the alkaline principle^ or that property 
which is known in chemistry a& the negative 
of acidity, being proved to exist in such a 
remajrkable degree in the compound gas called 

* For the sake of simplicity^ in a popular work like the 
present^ it is thought best to omit fractional parts al- 
togctli^r, tvhere pi^ctJcabfe'. 
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ammonia, whikt water must be considered 
(notwithstanding its apparent neutrality to our 
organs) as a highly oxidized hydrate; — ^it 
is perfectly natural that a very powerftil de- 
gree of attraction should exist between these 
two substances. And we accordingly find 
in experiment, that the instant volatile alkali 
is liberated in the atmosphere, if water be 
present, it seizes on the gas with the greatest 
avidity, and will continue to do so as long as 
this gas is given out ; or until the water be-- 
come saturated : when the water will, in fact, 
become de-oxydated ; or, in other words, have 
its oxygen so much overpowered, as to render 
the liquid altogether alkaline. Such is, in 
reality, the compound called " spirits of harts- 
horn'^ of the shops ; or water highly impreg- 
nated with ammoniacal gas. 

That this process is continually going on, 
with more or less activity, in the vast theatre 
of nature, cannot admit of a moment's doubt. 
And although we should not presume to con- 
sider every stagnant pond or ditch as analo- 
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gous to a series of Wolfe's apparatus for im- 
pregnating liquids with gas ; yet we have thus - 
endeavoured to shew, that something of this 
nature must necessarily take place during 
the evolution, recombination^ and condensa- 
tion of the various gaseous substances which . 
are now known to exist in the grand chemical 
laboratory of nature. , ^ 

We must, however, suspend our present 
excursions in these beautiful regions of che-- 
mical enquiry, and recommend the pursuit to 
more able, more profound travellers^ — ^while 
we return to the " matter of fact'* points more 
immediately connected with our present in- 
vestigation* 

It has been already shewn, that the air of 
a room becomes vitiated both by animal ex- 
istence and by combustion. And we have 
suggested the means of partially obviating 
the inconvenienccj by exposing such liquids 
as are known to evince a powerful degree of 
attraction for these noxious gases. 
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But, as it has been a maxim, from the time 
of ffippocrates— " that it is better to prevent 
than cure'' — we shall endeavour to point out 
the necessity of attending to the more p^ect 
ventilation of dwelling-houses, or other buildU 
ings, where a considerable number of persons 
assemble together ; as a duty incumbent, not 
only on those who have the immediate super- 
intendance of such houses; but also aa it 
regards the health and welfare of the com« 

• 

munity in general. 

Though the latter consideration is one of re* 
mote interest with the majority of mankind ; yet 
it would be easy to shew, that in some cases, 
but a few stages exist between our own icidi<^ 
vidual welfare, and that of the bulk of the 
community. For example,-— in case of any 
epidemic or dangerous class of fever existing 
in a given district, we may unconsciously be 
the means, not only of taking the contagi^m 
ourselves, but also of communicating and 
extending its ravages to other districts; if 
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either ignorance, or a want of comtnon pre-^ 
caution places us in contact with such conta«- 
gion. 

Whatever may be the specific matter by 
which epidemic dij^ajBes are engendered ; or 
of those fevers which produce contagion^ by 
the medium of the air ; it has been univer^ 
sally found, that all such diseases are greatly 
aggravated by an elevated temperature and a 
confined atmosphere. Indeed there is great 
reason to believe that the majority of the dis- 
eases included under the bead of nervous and 
typhus fevers, entirely originate from a want 
of ventilation in the air, and the want of 
cl^nliness. 

It is clearly proved that those towns, or 
suburbs of towns, which are allowed to remain 
the receptacles of filth or garbage of various 
kinds, are more i^bject to the infectious mat- 
ter which produce the typhoid class of fever, 
than others which are regularly cleansed, and 
supplied copiously with ranning water. 

The advantage of a considerable surface of 

11 
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water in the environs of a large or populoas 
town will therefore be obvious, on the grounds 
we have previously shewn — ^its absorbent qua-, 
lities. But it is at the same time proper to 
remark, that such water should not consist of 
stagnant ponds, or basins. For in such case 
the evil would probably be greater than the 
benefit, from the noxious exhalations given: 
out by such stagnant water, especially in the 
summer, or autumnal season. A river hav- 
ing a rapid current, is perhaps the best 
possible ventilator of the air. For it acts mc- 
chanically^ in producing a corresponding cur-, 
rent in the superincumbent portion of the 
atmosphere ; whilst it acts chemically by ab-^ 
sorbing the deleterious gases before men- 
tioned. 

But in districts which are not thus favoured 
by nature, with this spontaneous and ever- 
acting ventilator, it is incumbent on those 
who have the custody of the public weal — or 
who ought to include this among other points 
of internal police— to enforce measures for 
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preventing the exposure of any vegetable or 
animal substances in a state of putrefaction, 
to the contact of the atmosphere, in the vici- 
nity of dwelling houses. The offensive efflu- 
vium alone of such substances is sufficient to 
justify severe vigilance in this respect. But the 
evil is often for greater, from the subtle and im- 
perceptible agency of these deleterious ga^es 
in vitiating the air, and thus laying the found- 
ation of a formidable class of diseases which 
prevail more or less through a whole dis- 
trict. 

Cleanliness is therefore not only a private 
but a public duty. And although the pecu- 
Uar processes or manufactures carried on in 
many of our great towns cannot altogether be 
suspended on any considerations of public 
health or the public convenience ; yet the nui- 
sance or inconvenience might be in many in- 
stances mitigated, if proper measures were 
adopted for preventing the disengagement of 
noxious matter in the atmosphere, or else for 
arresting its progress when so disengaged; 
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instead of allowing it to incorporate with tbe 
air^ and insinuate itself into the dwellings and 
even the chambers of the inhabitants of such 
towns or districts. 



CHAPTER XI. 



PURIWCATION OF THE AIB, A PART OF 

INTERNAL POLICE. 

As this part of the subject is immediately 
connected with the consumption, or preven- 
tion of that vile nuisance, coal smoke; as 
well as the disengagement of the various pu- 
trescent effluvia from animal and vegetable 
decomposition. It is to be greatly regretted, 
that our police department should never have 
thought the subject worthy of their serious 
attention. The application of sumptuary laws 
would, certainly, not harmonize with the feel? 
ings and habits of Englishmen, generally 
speaking. But in proportion as it forms a 
part of the national character and the glory of 
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our countrymen, to submit patiently and even 
cheerfully to those regulations which are shewn 
to be enacted for the convenience and advan- 
tage of the community collectively ; so would 
it be easy to apply and render effective regu- 
lations of this sort, if they were promulgated 
with the same impartial justice and liberal 
views as are evinced in many other depart- 
ments of legislation, by the able statesmen 
who at present administer the executive au- 
thority under his gracious majesty, George 
the Fourth. 

The subject of public health, is one which 
engages the most profound attention of the 
governments, in many of the European states. 
It may be necessary, or rather indispensible 
that such should be the case, in countries 
where private charities, or hospitals for the 
sick and infirm supported by the humanity of 
private individuals, bears no proportion to the 
extent of those establishments in this country ! 
Yet the measure of charity can never be over- 
filled. We ought never to relax from the . 
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exercise of that benevolence ; or the adminis- 
tration of those powers which have been placed 
in our hands by our omniscient Creator for the 
wisest ends — that of the comfort and happi- 
ness of the human r^ce generally . 

The subject of healdi as a part of general 
police, has indeed, recently engaged the atten- 
tion of some of the most able and scientific 
members of the medical profession of the pre- 
sent day; who have with great modesty, 
though propriety, strongly recommended this 
important subject to the jcspecial consideratioai 
of the English government It : may ^ therefore 
be hoped that many years will not elapse be- 
fore some attention shall be given to a mitter 
«o vitally interesting to every member of the 
community in an equal : degree. 

To enforce our suggestions by giving one or 
two examples, from the metropolis. 

The permission of numberless slaughter- 
houses in the very heart of the town ought 
surely to be immediately annulled by some 
competent authority, either general or local. 

H 
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The condition in which many of those 
areas in London called markets, are often left 
afler the transactions of the day, is a disgrace 
to the police regulations of any enlightened 
state like England. With regard to that uit 
tolerable nuisance Smithfield, its continued 
existence in the present state is not even at« 
tempted to be defended by any persons, exi- 
cept those persons whose cupidity impels them 
to sacrifice every other consideration, public 
or private. The animal matter deposited in 
this large area, when exposed to a powerful 
sun in the dog days of summer, cannot be 
supposed to be perfectly neuter or inactive, 
in the purlieus of that enviable district ! 

Covent Garden Market, also, though a re-»- 
freshing and a beautiful scene, at five o'clock 
in the morning ; yet at the same hour in the 
evening and for many hours subsequent, the 
olfactory nerves of the passenger demonstrate 
that other gaseous matter besides the aroma 
of flowers, is disengaging itself from the heaps 
of vegetable refuse which are allowed to re* 
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main after the bustle of the market is over. 
Surely this noxious matter should be removed 
immediately, or as early as possible ; instead 
of lying exposed to an autumnal sun, and in* 
fecting the whole neighbourhood with its vile 
effluvia. 

The peculiar effluvium of putrid fish may 
also be detected in various other districts of 
the metropolis besides that of St. Giles. It is 
not sufficient that such nuisance be kept out 
of view of the passenger in the larger Glass of 
streets ; for in such cases this refuse or putre- 
factive matter is only removed from smaller 
heaps to accumulate in larger masses. 

It is not an easy matter to inculcate habits 
of cleanliness or any other consideration as 
connected with health or pubhc dnty, in the 
wretched class of the inhabitants of the dis- 
trict before mentioned ; but the powers with 
which the local poUce are already invested (by 
M. A. Taylor's Act) would go a great way to 
remove some of the nuisances of that neigh- 
bourhood, if the inspectors were to do their 

H S 
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duty. As we before observed, though these 
nuisances may be local, their effects may be- 
come very general. For who shall presume 
to say that a typhoid or a putrid fever shall 
be limited in the extent of its contagion ! 

Various other nuisances might be mentioned 
as existing in this great metropolis, which it 
would be in the power of an active branch of 
internal police to remove altogether or miti- 
gate. But we cannot dwell on them here, 
farther than to recommend the subject to the 
especial notice of the heads of districts, as a 
serious and important branch both of public 
and private duty. 

The prevention of that great nuisance, the evo- 
lution of immense volumes of coal smoke, might 
also properly come under the cognizance of an 
active police. Though this nuisance cannot 
be entirely removed whilst the present con- 
struction of our fire-places is allowed to exist"; 
yet the great expence and difficulty to which 
individuals are subject, even in any endear 
vour to mitigate the evil by applying to a 
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jury, are such, as to make numerous manufac- 
turers almost bid defiance to any question of 
public comfort, or public health, in the prose- 
cution of their various processes where great 
quantities of fuel are consumed. There is no 
doubt that by a better construction of chimney 
flues belonging to close fires, or furnaces of 
all kinds, the major part of this nuisance might 
be abated. And so far as this goes it is the 
province of the local police to see these mea- 
sures effected, not only for the comfort of the 
immediate district, but for the general salur 
brity of the metropolis or other large towns of 
the kingdom. 



CHAPTER XIL 



VENTILATION OF PUBLIC BUILDINGS. 

The purification of the air in buildings of 
every description, either by ventilation or 
other means, is, however, an imperative duty 
on those who have the direction or manage- 
ment of such places. With regard to the ex- 
ternal atmosphere, of certain districts, we have 
endeavoured to shew, that very strong pre- 
sumptive evidence exists in proof of the sup- 
position, that the origin of several febrile 
diseases is connected with gaseous miasmata 
in the atmosphere. But with respect to the 
interior of buildings, more especially edifices 
on a large scale, such as prisons, hospitals, 
ships, manufactories, or workhouses, which 
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usually consist of a numerous suite of apart-- 
iaients, the major part of which are occu- 
pied, — there can exist no doubt whatever as 
to the atmosphere of such buildings becom- 
ing speedily depraved and unfit for respira- 
tion, if it be not frequently renewed by proper 
ventilation. This important consideration has 
within these few years met with a certain de- 
gree of attention, though probably not to the 
extent which it really merits, from the valuar 
ble and patriotic services of the gentlemen 
who were delegated by the legislature to 
make a " Report on the State of Prisons*' 
throughout the kingdom. 

Independent of that unnecessary severity 
as to regimen, and the general want of atten- 
tion to health among the inmates of many 
prisons, as they were formerly conducted : it 
can scarcely admit of a question that inatten- 
tion to cleanliness, together with the want of 
proper ventilation, has proved the immediate 
origin of numerous cases of fever. And which 
diseases, in general, have not been sufficiently 
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investigated to ascertain the source, or at 
least » the probable soui'ce, from whence they 
have emanated. 

Although it might not be possible at all 
times to trace the immediate source of so 
subtle an agent as gaseous miasma, especially 
when it is not distinguished by those proper- 
ties which render it susceptible to our olfactory 
nerves ; yet analogy will greatly assist us in 
all such investigations, if we take into view all 
the possible sources of deleterious matter 
which may exist in any given district or 
edifice. 

We know that all organised matter, botib 
animal and vegetable, when deprived of vi- 
tality, very speedily undergoes what is called 
spontaneous decomposition, or putrefaction. 
And this process is greatly accelerated both 
by elevation of temperature and a certain 
degree of moisture. Now, if any such organic 
matter be suffered to undergo this process 
even in its early stage, in the confined or badly 
ventilated apartments of those buildings which 
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have the doors and windows usually kept 
closed; it is quite obvious that the atmos- 
phere of such apartments must be greatly 
vitiated. But in cases where no dead animal 
or vegetable substances are allowed to remain 
exposed, there will often be a most noxious 
exhalation of gaseous matter, as in buildings 
where a number of persons are confined in the 
same apartment. 

This gaseous matter, as we have before 
observed, is not only disengaged from the 
lungs, but also from the skin, in great abund- 
ance. And, that it is not difficult to form a 
tolerable estimate of the pecuUar nature of 
this transpirable matter, is proved by the ex-^ 
halations which are disengaged from persons, 
who have been placed under either a course 
of mercurial medicine, or the use of sulphur 
in cutaneous diseases. 

The gaseous matter given off by animals 
to the adjacent, atmosphere, not only partakes 
of the nature of the ahment they make use o£ 
for diet, as we know from the effluvium of 
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onions^ garlick, &c. ; but it is greatly modified 
by the state of the fluids of each individual. 
Hence, it would follow, that the gaseous ef- 
fluvium evolved from the lungs and the 
cuticle of those who have been confined to 
animal food (especially salted meat or fish) 
for a length of time, such as seamen during 
a long voyage, would be more insalubrious 
than the gaseous matter emanating from per- 
sons whose blood and humours are less vitiated. 
For it has been sufficiently proved by the 
most able medical men, and others who have 
the care and superintendance of hospitals^ 
ships, and prisons, that a mixed diet of ani- 
mal and vegetable substances is essential, in 
order to preserve the fluids of the human sys- 
tem in that state of equilibrio between acid 
and alkaline matter, which constitutes health. 
The volatile matter which exhales from all 
the graminivorous genera of quadrupeds, is 
rather agreeable than otherwise ; whilst the 
effluvium from the whole of the carnivorous 
class of animals, is not only more or less of- 
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fensive, but it is also very deleterious to jre- 
spirable air. 

It may be, therefiwre, justly inferred, that 
the peculiar character of the gaseous exhala- 
tions, bodi from the skin and lungs of ani* 
mals, is, in a great measure, derived from the 
specific nature of their food : and as animal 
substances, during their decomposition, are 
known to give out a large proportion of alka- 
line matter in the form of ammonia, the trans- 
pirable matter from a number of persons col- 
lected in a single apartment, must vitiate the 
atmosphere of that apartment in proportion 
to their numbers, in the first place ; and se- 
condly, in proportion to the state of health or 
disease of their animal functions. 

It would perhaps be impossible, in civilized 
society, to draw a distinction between those 
who are in the enjoyment of good constitu- 
tional health, and others whose constitutions 
have been vitiated and the mass of fluids 
depraved, either by hereditary taint, or chro- 
nic disease of long standing. But it can 
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scarcely admit of a question, that a given 
number of persons of the latter class would 
deteriorate the atmosphere of any confined 
apartment, to a greater extent in a given 
time, than an equal number of persons of the 
former class, owing to the exhalent gases 
being derived from a more vitiated mass of 
aaimal matter. In die general, or indiscrimi- 
nate assemblage of individuals in large numir 
bers, such as in theatres, lecture-rooms, cha^- 
pels, churches, &c. it would be quite impos- 
sible to exclude certain auditors or spectators 
unless they produced what is called in our 
navigation laws " a clean bill of health;'* but 
inasmuch as it is impossible, or if possible, 
quite invidious to exercise such precautionary 
measures against contagion in a free and civi- 
hzed state of society, so is it the more incum- 
bent on those who have the superintendence 
of all such places of assembly, to adopt every 
possible means in order to obviate the liabihty, 
or even the possibility/ of propagating epider- 
mic or contagious disease through a whole 
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district, by emplojang the most convenient 
and effective modes for thoroughly ventilatin 
such places of assembly. The discipline of 
hospitals, ships, and prisons, would, to a cer- 
tain extent, admit of the distinction or classi- 
fication we have referred to ; more especially 
in the careful subdivision of those who are in 
the three states, of health, convalescence, or 
actual disease. For it is well known that the 
matter of contagion, in many species of cu- 
taneous or other diseases, is evolved from per- 
sons who are far advanced in a state of con- 
valescence ; and this matter is also retained 
for very long periods in a state of active 
agency in the pores or interstices of clothing. 

The utmost vigilance is therefore not only 
advisable in all such cases, but it becomes the 
sacred duty of those whose situation gives 
them a superintendence over considerable 
numbers of their fellow-creatures — as the 
masters of workhouses, governors of prisons 
and hospitals, masters of ships, managers of 
theatres, and the wardens of churches and 
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chapels—- to adopt every practicable method 
of rendering the atmosphere of such places as 
pure as possible ; not only during the congre- 
gation of great numbers of persons in the same 
apartment, but also after they have been dis- 
persed. 

During the presence of a considerable: 
number of people in a Umited area or covered 
building, the heat and aqueous vapour gene* 
rated by the process of respiration, and the 
gaseous matter given off from the sur£au:e of 
the skin, will, together, have a tendency to 
render the air of such a building specifically 
lighter than that of the open atmosphere* 
And in consequence, the more offensive por- 
tion of the vitiated air will always ascend to- 
wards the roof or ceiling of the apartment. 
But there is also a considerable quantity of 
carbonic acid gas produced, both from the 
respiration of animals and the combustion of 
lights, which gas is perhaps more deleterious 
to animal life than the alkaline effluvium, or 
the nitrogen gas of the atmosphere; which 

13 
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latter is in a measure, disengaged, by th^ 
union of the oxygen with carbon in the process 
of respiration. Now as the density of carbonic 
acid (as we have previously shewn) is greater 
than that of common air, as 1520 : 1000 ; it 
will be obvious that as the temperature of a 
room subsides to that of the external atmo- 
sphere after it has been vacated by a consider-r 
able number of persons, that the carbonic 
acid will have a tendency to occupy the lower 
parts of such room ; and will not be easily 
expelled from such situations without driving 
an artificial current of air through every part 
of the edifice. 

The best proof and illustration of these 
matters that we can offer, is the well-knowit 
smell and noxious effects of the residuary 
gaseous matter from the burning of g£is-lights. 
All artificial lights contaminate the air, but the 
rapidity of the combustion of gas in compa- 
rison with tallow or oil, renders the formation 
of carbonic acid much more rapid than with 
the latter substances. And wherever several 
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jgas lights are used, (each of which of the ordi^ 
nary interior burners is estimated to afford aB 
much light as six candles, or a pound of tallow) 
the production of carbonic acid is so copious, 
that unless a strong current of atmospheric 
air be constantly allowed to sweep the apart- 
ment, the lower parts of the room will soon 
become exceedingly unwholesome. 

In all public edifices, therefore, or places of 
resort for amusement — as theatres, concerfe- 
rooms, ball-rooms, or other places frequented 
only in the evening when artificial lights are 
employed, it is the imperative duty of the su- 
perintendents of such buildings not only to 
ventilate such places previous to the as- 
semblage of the audience : either by thrown 
ing open the doors and windows, or by moce 
effectual mechanical means. But after the 
audience has left such place, it should also 
invariably be submitted to thorough ventila- 
tion : for the purpose of driving off that car- 
bonic acid, which would remain stagnate in 
the passages or lower parts of such buildings. 
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It is, indeed, well known to every one who 
has been in the hahit of frequenting the thea- 
tres or public assemblies of any kind, that the 
atmosphere of the passages or lobbies, always 
seems more oppressive or " confined^^ than 
that which exists in the principal area of the 
building, where all the evil is generated. The 
reason of this is abundantly simple— -the at- 
mosphere of the principal saloon is diluted 
with aqueous vapour and a certain portion of 
ammonia, which invariably ascends towards 
the ceiling; while tibe dense carbonic acid 
will find its way out at the doors or lower 
apertures; or, will remain stagnant in the 
passages unless subject to a current of atmos- 
pheric air. 

Though all gaseous matter is capable of 
mutual impregnation, and consequently a por- 
tion of carbonic acid will be held in suspension 
by every part of the atmosphere of an apart- 
ment where it is evolved in considerable quan- 
tity, either by the combustion of inflammable 
substances or the respiration of animals ; yet 

I 



114 TENTILATION OF PUBLIC BUILDINGS. 

it will be always found, that the lower pas- 
sages are more infested with this deleterious 
gas than the upper parts of the building ; and 
more especially such places as the passages 
of theatres, which are not in immediate com^ 
municatioD with the external air. 

That carbonic acid, when mixed with 2£t^ 
mospheric air and allowed to remain for some 
time in a state of repose^ will always have 
a tendency to deposit itself in the lowest 
level of any edifice, is proved by the constant 
observations of miners and others employed 
in subterranean labours. For in the lower, 
and more remote galleries of a coal-mine, 
which do not easily admit of ventilation by 
the ordinary methods, the floor of the gallery 
is oftentimes infested with « the choke damp,^" 
so as to extingui^ immediately a lighted taper 
or candle ; whilst the roof will be so far free 
from the gas as to allow of respiration for a 
limited period. 

The reverse of this takes place with regard 
to the " fire damp^' or carburetted hydrogen 
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gas, which is so formidabk an enemy to this 
most valuable class of labourers. Though 
this inflammable gas enters into more inti- 
mate unian with common air dian the ^^ choke 
damp/^ yet whenever a considerable quantit j 
of the iitifiammdble gas prevails in the passages 
of a coal-mine, and for want of adequate rem 
tilatiou is avowed to remain at rest, it a^U 
al\^ays o6ou^y the upper part or roof of the 
gdltefy c and the workitten are in the practice 
of keepSiig their lights as low as possible, in 
order t6 prevent accid^tal explosions. Bnt 
in spite of diese precautiions, and the use of 
that ^^ invaluable legacy,'^ tbe safety lump o£ 
Siir H. Efetvy ; accid€nts am oceuning every 
year in ^om^ cf the coaleries which are much 
infested mik th|s gas, from the want of 
greater cauti(xn in exposing naked lights in 
situations wjiere it is probable that an explo- 
sive mixture j»ay exist. 

Thou^ the ventilation of mines is not im- 
mediately attached to our present inquiry; 

yet the vital interests whidi are connected 

I 2 
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with the subject will be sufficient apology for 
a few observations in this place. 

Whether we consider the carburetted by* 
drogen or inflammable gas of coal-mines, as 
gaseous matter disengaged from the inter- 
stices of the coaJ, when it becomes broken 
asunder by the operations of the workmen ; 
or, whether it be the result of a partial de- 
composition of the coal, when its surface is 
exposed to the atmosphere — ^is of no moment, 
in a practical point of view. It is probable 
that both these sources may operate in the- 
formation of " fire damp/' though some 
coaleries are much more infested with this 
nuisance than others ; which seems to prove 
that the gaseous or inflammable quality of the 
coal constitutes the principal source of the 
evil. Indeed it may be easily inferred that 
those varieties of coal which give out the 
greatest portion of flame, during its combus- 
tion, will be most likely to disengage part of 
its gas when broken down from the solid mass 
for the purpose of extracting from the mine. 
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And as our coal strata may be considered as 
so many basins of vegetable matter, which, 
at some very remote period, were covered by 
subsequent deposites of calcareous or alumi- 
nous strata; and which latter were again 
covered by a series of posterior strata; we 
may easily account for the condensation of 
the gaseous matter existing in coal, by ima- 
gining the immense (or rather inconceivable) 
pressure to which these beds of vegetable 
matter were subjected during the long series 
of ages they have been embosomed in the 

earth. That coal when broken down should 

« 

liberate a portion of the gaseous matter which 
forms great part of its constituent elements, 
is therefore to be naturally expected ; and, 
for the prevention of which, there is perhaps 
no remedy ; with the exception of lessening 
the amount of the danger by extracting the 
coal in as large blocks or masses as possible. 

There has been, indeed, considerable im- 
provement of late years in the mode of work- 
ing coals, so as to bring them " to bank'' as 
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large as possible, and abo to prevent the 

plajoies from unnecessary exposure to the 

weather or open atmosphere. This refbnnt^ 

tion in the former wasteful practice of coal-^ 

woi^s, has been principally owing to that 

intelligent and opulent proprietor, Mr. Lamb^ 

ton. And as a proof of the benefits attached 

to this n^ost rational mode of extracting coal 

Mid sending it to market, the present pri>- 

prietor and his coadjutors have doubled their 

income from the increa^d demand for their 

coal in the London market, although there 

are one or two other coaleries on the north 

fiidfi of the Tyne which are working coal of 

a superior quality for durability. 

But it is probably of for greater conse^ 
quences to a numerous and valuable cl2u$s of 
our fellow-creatures, the working miners^*— 
than to the pecuniary interests of the proprie^ 
tors, that coal should not in any case be broken 
down more than barely necessary in the work- 
ings of the mine : in order to prevent every 
unnecessary disengagement of the inflamma* 
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ble gas. If the blocks of coal were conveyed 
asf large as possible from the immediate 
" workmgs^' int6 the principal gallery or rail- 
way ; and there broken (if necessary) in order 
to fill the corfe-baskets, in which they are 
conveyed to the surface; great part of the; 
evil would be prevented. For the inflamma* 
ble gas thus disengaged in the principal rail-, 
road, will be so far diluted by atmospheric 
air, from the current which usually prevails, 
that no danger whatever of explosion need be 
apprehended. Until the gas forms about 1 : 12 
of the atmospheric mixture, it is scarcely ex^ 
plosive : nor until the proportion of 1 : 10 is 
it highly dangerous. 

But as it is utterly impossible under the 
best management, either to prevent the disen- 
gagement of a certain portion of this dan- 
gerous gaseous matter; or the formaticm of 
carbonic acid, by the combustion of lamps or 
candles, the respiration of men and horses, 
and the partial decomposition of the coal ; — 
and as it is proved by the dreadful accidents 
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within two or three years past, that, even 
with the assistance of the safety lamp, these 
unfortunate men cannot be taught sufficient 
caution in pursuing their labours — ^it is im- 
peratively necessary that the viewers or super- 
intendents of coal-mines should employ every 
possible means for obtaining a thorough ven- 
tilation through their works. 

The current of air produced by the large 
fires at the foot of the upcast shaft, is usually 
an effectual remedy against the collection of 
inflammable gas in the main passages. But 
where the workings are very extensive, it is 
quite impossible that the lateral passages — and 
especially those which are in actual work, and 
which form a sort of cul de sac in various 
parts of the coal-field — should derive much 
advantage from the current produced in the 
principal galleries. The very mode usually 
adopted to deflect the current of air through 
the passages, by what is termed brattices, is 
liable to great objection. For whenever a 
current of air impinges on any surface in a 
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perpendicular direction, great part of its ve- 
locity will be destroyed, and its effect, of 
course, proportionably diminished. The em- 
ployment of wind-sails or air machines, for 
driving a current down the principal passages 
of a mine, is also ineffective where the works 
proceed to any considerable extent ; as is 
proved by the occurrence of accidents even 
in coaleries which are, in the general sense, 
well superintended by the overmen and viewer. 
It appears, however, that nothing short of 
an adequate supply of common air^ carried 
into the immediate workings of a coal-mine, 
can ever effectually prevent the liability to 
accident. It would seem, that such an object 
would be easily attainable by having a series 
of pipes connected to a wind engine, or an 
air-pump attached to the steam engine, and 
extended to the immediate vicinity of the 
workings. These currents of atmospheric air 
would not only dilute the inflammable gas as 
it becomes evolved from the coal, but it would, 
of course, expel an equal volume of the im- 
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pure atmosphere of the mine through either 
or both of the shafts. 

As it is in most coaleries at present — if the 
descending current of air in the down->shai)^ 
or the ascending current in the up-shafb,* 
^ with any o^tmction, (and whih mJi 
be the case to a great extent) the ventilation 
of the works must be proportionably impeded • 
But if a small current of air were continually 
flowing into the parts of the works most 
likely to be vitiated, or where the excavation 
of coal is actually proceeding, it would not 
only prevent the possibility of an explosive 
mixture being formed in the works, but it 
would also afford an adeqdate supply of air 
for the respiration of the unfortunate men, 
who are often obliged to toil in a recumbent 
position for hours together, in an atmosphere 
where a candle will burn with difficulty, from 
the large quantity of carbonic acid which 
prevails. 

We have previously shewn in a former chap- 
ter (on Respiration), the deleterious agency of 
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this g%s on animal life, and the debility of the 
animal functions after being exposed for any 
length of time to its noxious influence. It 
need, therefore, excite little surprise that the 
brave, and otherwise hardy race of mpti who 
are employed in our coaleries, should exhibit 
such pallid or emaciated countenances, and^ 
in very few instances^ arrive at the average 
period of mortality ; even when not prema-^ 
turely cut off by the various sources of acci- 
dent to which they are exposed.— We may, 
therefore, close this divergence from the im- 
mediate subject of our essay, by remarking-^ 
That if it be essential for the preservation of 
health and comfort to adopt every practicable 
means for ventilating or purifying buildings 
of all kinds frojpi) a vitiated or noi^ious atmo^ 
sphere ; it is doubly incur^bent on those who 
have so great a responsibility on their heads 
as the superintendence and preservation of 
several hundreds, or thousands, of the most 
valuable class of labourer^ in our various 
mines— to neglect nothing that could enable 

11 
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them to secure the Uves or limbs of these men 
from the most formidable class of calamities ; 
as well as to preserve their health, as far as 
possible, while pursuing such laborious, and 
at best, a most unwholesome employment. 



, To return, however, to the ventilation or 
purification of buildings from stagnant or 
vitiated air. 

The quantity of atmospheric air which it is 
necessary to have displaced or renewed con- 
tinually, in order to maintain animal respira- 
tion in a perfect state; has been variously 
stated by different authorities, and which have 
led to very anomalous conclusions with regard 
to the necessity of a given area being appro- 
priated to a given number of persons in the 
construction of public edifices. 

Mr. Tredgold, in his Treatise, has gone into 
this part of the subject at great length, and 
with considerable ability. He estimates the 
necessary supply of fresh air for each person 
at nearly 4 cubic feet per minute ; which es- 
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timate is probably not incorrect according to 
the data on which he has proceeded. — Mr. 
Tredgold assumes, that we make 20 respira- 
tions in a minute, and inhale 40 cubic inches 
of air at each ; consequently, that we pass 
through the lungs 800 cubic inches of air 
per minute. Now this calculation, though 
sanctioned by the experiments of many emi- 
nent chemists, must be taken with great lati^ 
tude. For although a robust man will inhale 
40, or when in exercise, 50 cubic inches of air 
at each inspiration ; yet, in ordinary circum- 
stances, a person will not respire above half 
this quantity. The demand for a rapid sup- 
ply of atmospheric air in respiration, is not 
only governed by the active or passive state 
of the individual, but by the capacity of his 
lungs, and the state of health or disease of 
the respiratory muscles. Thus a person who 
labours under a lanquid circulation of the 
blood, would not require so rapid a supply of 
oxygen to the air cells of the lungs, as another 
whose constitution was more vigorous ; on the 
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eame principle precisely, as a slow fire in our 
domestic stoyes does not require so great a 
supply of air, as another which is destined to 
produce a powerful degree of heat. 

Mr. Tredgqld, (with Dr. Thomson and 
others) estimates the aqueous vapour evolved 
from the lungs a^ equal to about 6 grains per 
minute ; which is also very nearly correct, ^ 
far as it goes. But as this aqueous vapour is 
the immediate result of respiration — whether 
we consider it as the production of water, de 
novoy by part of the oxygen of the air uniting 
with the hydrogen of the system ; or, by the 
aqueous matter of the lungs saturating the air 
employed in respiration— it will be obvious 
that the quantity/ of vapour will always be in 
proportion to the quantity of air taken into the 
cells of the lungs. 

With regard to the quantity of aqueous 
vapour, or other gaseous matter given oflp from 
the skin, Mr. T. justly observes, that it has 
not been sufficientlv determined to enable us 
to calculate how much the air of an apartment 
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would be vitiated from this source. But (as 
an average estimate formed from the experi- 
ments of the French chemists) Mr. T. sup^ 
poses 18 grains of vapour to be given off per 
minute from the human skin. And conse- 
quently, when all these sources of depravation 
of the air become united^ it would be neces^ 
sary to change 3 cubic feet of air per minute 
for each individual in the room. To which ib 
to be added^ the deleterious effect of artificial 
li^ts on the air of a room--and which \b 
further estimated by our author as amount- 
ing to one-fourth additional— or altogether, 
about 4 cubic feet of fresh air for each mdi^ 
vidua!. 

Now although it is perfectly right to err or 
the side of safety, more especially in the con- 
stmction of new public buildings (to which 
object the estimates and calculations of Mr. 
Tredgold are more particularly applicable) 
we fear, in the ordinary intercourse of society 
there could scarcely be a single instance put 
in practice, of so large an allotment of spa^^ 
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for each individual as that he should be snp^ 
plied with four cubic feet of atmospheric air 
per minute. In all public assemblies, such as 
courts of law, lecture-rooms, town-halls, or 
indeed, wherever general attention is directed 
to a given part or point of the area, the spec- 
tators will at all times crowd towards that 
point without regard to the proper proportion 
of air for respiration. Indeed the inconveni- 
ence arising from having an area larger than 
is required for the immediate purpose to which 
it is devoted, is fully illustrated by our great 
theatres, and by the too great extent of many 
of the more ancient churches and halls. 

The magnitude of any building therefore, 
which, according to the mode of estimate 
adopted by Mr. Tredgold, should always be 
regulated so as to admit of spontaneous venti- 
lation^ at the rate of four cubic feet per mi- 
nute, would, according to our belief, meet 
with considerable (and effective) opposition 
from the judges, barristers, or lecturers, or 
others who would thus become inaudible to 
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the greater mass of their hearers — while die 
latter will, in all cases, whatever may be the 
size of the room, crowd round the orator as 
near as possible, without regard to the tem- 
porary injury of their health by impure 
respiration. Notwithstanding theoretical caU 
culations may thus demonstrate what ought 
to be the proportions of any building to con-^ 
tain a given number of persons for a certain, 
period, without prejudice to their health ; 
yet in practice, or in other words, the daily 
intercourse of society, such calculations can 
only amount to a very imperfect approxima^ 
tion. 

With regard to the mode of producing 
adequate ventilation in any new edifice cal- 
culated for the assemblage of a large number 
of persons — the plans recommended and pur- 
sued by Mr. Tredgold are certainly the most 
consonant with scientific principles of any 
which have been hitherto adopted. This 
gentleman very justly recommends that in 
order to have the most effective ventilation of 

K 



ISO V)SKl'ILATI01Jr OF PUBLIC BUtLfilNGS. 

krge buildings, such as diurches, chap^ls^ 
halls, &:c. the ceiling should teimitrnte in H 
dome, or a groined arch, instead of being ho- 
rizontal. For as spontaneous ventiktioB, like 
the ascent of smoke, depends on the rekriivtt 
specMc gravities of the internal and external 
iiir; and as the vitiated air from animal refl|>i-^ 
ration, perspiraition, &c. at the temperature tit 
which it is evolved from the human body, u 
considerably lighter than atmospheric air, it 
ivill always ascend towards the upper portion 
of the building, and would consequently find 
a readier exit into the atmosphere through an 
aperture in the apex of any conical or arched 
roof, than it would through four apertures of 
the same aggregate area in the four comers: 
of an horizontal 'ceiliiig. 

This plan of constructing ceilings is not ofnly 
the most conducive to good ventilation, but it 
is also the most ornamental for public bo^^. 
ings of every kind, and it admits of a morfe 
elegant mode of preventing the return of A 
current of cold air (by the suspension of a ho* 
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rixoft tal piti!te immediirtely below the aperture) 
tbai^ eaald be ^ulopted in imy arrangement 
for mi horizontal ceiling* 

The mode of admitting atmospheric air by 
i3i6ai:is of draft4ioles^ or hoUow diambers in 
certain piurts of the walls of large edi&cesy -as 
recommended by Mr. Tredgoid^ is also judi'* 
cious and perhaps incapable of any improve**- 
toent. It is obviously preferable, to admit m 
certain quantity of atmospheric air — whether 
cold air, for the ^purpose of maintaining the 
^ventilating cmrl^nt, or wann air, for heating 
the room — through aperies of small apertures, 
than through one larg^{>ip6. And a i^ttSicienit 
extewt of wire-gauze, as suj^esfced by Mr. T>, 
is |)erha|)s the most convetii^t and degant 
form l^t couid be devised for liie apertures 
of air pi^, in the interior of buildings. 

But although Mr. TVedgold has left us very 
little ia^titude for impr^dveiiient of the pnnci«- 
ples of ventilation, as a|)pticable to the ^;on- 
'structixm of public buildings, de wovo ; yet a 
vast variety of edifices now existing, and fr^- 

k2 
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quently occupied by considerable numbers df 
people, such as assembly rooms, co£fee rooms,^ 
lecture rooms, &c. cannot admit of any thing 
approaching to an adequate degree of venti- 
lation, on his principles, without subjecting the 
proprietors to an expenditure for building or 
repairs, which they would in very few cases be 
induced to incur ; more especially for an ol>- 
ject in which their own immediate interests 
are not involved. 

But with regard to private dwelling-houses 
—the mode of ventilation pursued by Mr* 
Tredgold is still more inefficient. Not that 
it would be inapplicable in the original con- 
struction of private houses of the better class ; 
or where gentlemen build their own mahsionst 

In such instances (making due allowance 
for the disadvantages which horizontal ceil- 
ings occasion) the plan would be capable of 
beiog extended to the major portion of the 
apartments of a large mansion. 

It is, however, a most important object, to 
render ventilation available for all kinds of 
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edifices, as they at present exist, public or 
private. And it does appear to us, from an 
attentive examination of the subject, that no 
other plan is capable of producing this desir- 
able object, under every variety of circum- 
stances, but that of supplying the necessary 
quantity of atmospheric air by some Mecha^ 
nical means. 

Mr. Tredgold truly remarks, " that venti- 
lation is most difficult to maintain, in close, 
still, and gloomy w^eather '/^ — ^he ought to have 
added, that it is impossible to obtain adequate 
ventilation under such circumstances, accord- 
ing to his system. For as the whole basis of 
spontaneous ventilation depends on the possi- 
bility, or impossibility, of producing a current 
in the air, it will be obvious, that when the 
exterior atmosphere is in a state of repose, 
and more especially when it is nearly saturated 
with water — that it will be difficult, or rather 
impossibly, to create an adequate current for 
ventilation, when the temperature of the ex- 
ternal and internal air is nearly the same. 
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Though publk assembriieB, in 9^1 edi^cei^. of 
moderate dimensicnifi, will find the i^tmospbei^ 
diQvated to a tempexature usually beyond tb»l; 
of our average i^unoiaer heat, or say^ firom 74 * 
to 90^ degrees, according to circumstaoicesk >r^ 
j^et it will be founds that mo3t of our p«mh 
churches^--which have not attained thc^duh 
tinction of being a place of faskiot^hl^ g»T 
sortji. and consequently are not t90 loncli 
frequented — ^will frequently eontaw an^ atfOiOSH 
phere noany degrees colder than that q( om 
summer season. The cause of which i^ obr 
vious: — ^these edifices being constructed pf 
massive walls, and usually kept shut up during 
the whole week,, the exterior atmosphere cank* 
not gain admission, so as to equalize the tewv* 
perature. 

The confinement of the air of churche9 ia 
this manner, by the negligence of thoee who 
have the custody of them, deserves our i^troH^ 
est execration. For we are not only exposied 
to an atmosphere (on entering a church for 
morning service) frequently 10 or 15 degree? 



in the $ummer months below that of the ex-» 
temal air, but we are obUged to respire a< 
portion of air which has been aHowed to ren 
msan^ stagnant during a whole week ; and oikeit 
vitiated by the gaaeous mattCT evolved from 
huB^n rensiains ! 

The pMn of depositing the dead in the in* 
terior of our sanctuaries, may be advantage-*^ 
ous to certain parties who sell these privileges 
to the highest bidders ; but it i& certainly dis-^ 
grujceful to the internal police of any eountry^ 
to permit the. existence of so palpable, or at 
least, probable source for the production of a 
malignant class of fevers ; in conformity to the> 
monkish customs of our forefathers, or for the; 
pecuniary profit of a ffew hundred of inactiv^e^ 
or rapacious clergy. 

As it is a fundamental maxim of ecclesias*. 
tical law, not to commence in any instance^^ 
the ' work of refoormation,^ lest it might eur 
danger the whole fabric ; it becomes encum^. 
bent OB our civil directors, not to allow our 
spiritual guides to send us " to the tomb of aU 
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the Capulets^' before our proper time, by first 
poisoning us with the mal-aria of their free- 
hold cemetries, and then pocketing a hand- 
some fee for the honour of being deposited by 
our friends near the place of execution ! — ^We 
say, reform the system of interment altoge- 
ther. ** They manage these things better in 
France/' 

With regard to the mode of ventilation re- 
commended by Mr, Tredgold, it is evident 
that it could not be applied with effect in the 
case of churches, or in vaults, or other places 
where the temperature is lower than that of 
the exterior atmosphere. For we never can 
make a lighter fluid descend through one of 
greater density, except by mechanical means. 

It is scarcely necessary that we should enter 
into any minute description of the various 
mechanical methods that might be adopted 
for ventilating the atmosphere of any building. 
The mode previously suggested for ventilating 
mines, would perhaps be desirable for an ex- 
tensive range of buildings: especially if a 
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steam engine were attached to any manufac- 
tory adjacent, by which a large supply of air 
might be obtained at a very slight expence of 
power. For an air-engine, or air-pump, for 
such purpose, need not be made so as to work 
the piston air-tight in the cylinder ; the value 
of a little air escaping, being much less than 
the loss of power which would result from 
friction. The foot of such piston may be also 
made of wood, and the area of any dimensions 
requisite, (there being little or no friction) i 
and the length of the stroke also may be a^ 
great as the engine beam would allow. In 
this way an immense supply of atmospheric 
air might be thrown into a room, or suite of 
rooms, by having pipes regulated by stop- 
cocks conveniently placed for the purpose. 

In other situations, where a steam engine or 
other great power is not required, a wind-fan^ 
such as is usually employed for collecting a 
blast for furnaces, &c. may be adopted ; and 
the revolving motion given by a horse wheel j 
or else, for smaller houses, by manual labour. 
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By dgvbs i^ethod) an area of any ^jkimt waj^ 
be v^tikted witfh infinitely greater vi^pidiAj? 
and efiect^ than by any arr^iOgemi^iit &nt 
spontaaeg^ ye^tilatioi>, that qouI^ po^aihljt 
bie devised.. 

Mr. T»edgold very properly vecominf^ndja^ 
tfbat the supply of attnoapfeeyiQ air $]iiQ»Id 
alw9^y» be giwn ffona below; ox at least tbsokt^ 
i^ should wt enter the room niear the edilin^ 
QX roof; as it would th^eby prodkkee a defltecfw 
ii^ current or eddy, so a& to retard the esc^ipQ 
of th« lighter, or,^ aa^ he thinki^ more, vitiatedr 
portion of the air. 

Where the ventilation is eflfected accojrdiQg* 
to his plan, thi$ precaution b, doubtless, indis* 
pensible, for the maintenance of the aacendiog 
current. But it i& not quite so certain^ *^ that 
the nio&t vitiated portion of the ^ir m crowded 
assemblies is confined to the ceiling, or upper 
portion of the room." 

That the aque<^us vapour and ammoniacQt, 
gas evolved from the lungs and skin, wiH 
ascend towards the ceiling in the first instance^ 



both from it? high tescqaemtiure «ii^ ite spe- 
cific levity, 03 imdtMatofe;— rbut there is,. 9^% 
th^ same, tkne^ a consicJerable formation of 
embomc acid^ which, as we have pceviously 
shewn, must, from its great density, descenid 
towards the floor. 

Now a& we know that a great portion of the 
aqueous vapour evolved in crowded assem^ 
blies, becomes deposited in the form of water^ 
on the windows and walls of the edifice ; and 
(as we have also shewn) that water will take 
up at least 460 times its bulk of ammoniacal 
ga& — we may easily imagine, that the lowei? 
strata of air in such apartment will be equally 
if not more depraved, for the purposes of re« 
spiration, than the upper portion. For the 
latter will have deposited great part of the 
gaseous matter it contained in the form of 
water and ammonia; while the carbonic acid 
will remain behind in the gaseous form, unless 
(what cannot be provided in such cases) there 
be a large quantity of Kme water provided ; 
and even then the absorption wouW not be 
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sufficiently rapid to compensate for its evolu- 
tion by respiration and combustion. 

Now supposing this state of the case to be 
equally near" the truth, as that the upper por- 
tion of the room should be the almost ex- 
clusive receptacle of the noxious gaseous 
matter in a crowded room — it would not be 
of any importance in the mechanical venti- 
lation of such apartment, whether the supply 
of air werei thrown in from above or below. 
We should be inclined to give the preference 
to the former mode, for the fresh air would 
enter in such case, in the immediate vicinity 
where it is most required — or near the heads 
of the audience. Care being taken, of course, 
to prevent the cold current from descending 
in a mass, by passing it through numerous 
small apertures, or wire gauze. 

In this case the supply of air for adequately 
ventilating an apartment, or suite of apart- 
ments, need not be nearly so great as if it 
were allowed to enter at the lower part of the 
room. For in the latter case it would be 
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greatly vitiated, both by mixing with thq 
carbonic acid already existing in the room, 
and also bv contact with the %in and cloth- 
ing, previous to its employment by%he respi- 
ratory organs of the individuals present. 

With respect to the escape of the vitiated air 
in these cases, no anxiety need be entertained, 
nor any peculiar arrangement provided. For 
whenever we throw in a given quantity of 
atmospheric air into any room, an equal vo- 
lume will immediately find its exit, by the 
doors and windows ; even if they were con- 
structed or fitted much closer than they usually 
are, in pur public or private edifices. 

The refreshing or reviving effects of a mo- 
derate supply of fresh air in crowded apart- 
ments, as ball rooms, concert rooms, &c., are 
too well known to require specifying here. 
And w:e feel convinced that mechanical venti- 
lation, judiciously applied, would not only ac- 
complish this desirable object, without any 
risk whatever of producing the bad effects of 
cold currents of . air ; applied partially; but 
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&at peffett ve&tilation may be obtained hf 
this method in |)laces where the spontaneOUB 
iftode of vetitdati<m would be totally inap|)ii* 
cable; ^d wliat is perhs^s of ^^tiM tnons 
importance, that it may be extended or di* 
inarislied at pleasure ^tfioat incumiig any 
eicpence in die construction or alterations of 
b«ading8. 

Mr. IVedgdd has treated the impoitaiit 
subject of ventilation under all the separate 
heads Or binldings to which it is applicable t 
a»d inasmuch as the magnitude of his ar^ 
rangements as an ^rchit-ect would ;altogetber 
be governed by the number of persons likely 
to assemble in ainy givai area, this may be a 
necessary prp^onslview of the subject. But 
it will be obvious, how much additional ei&- 
pEtooe would be incurred by making arrange^ 
ments iot ventilating an area for the acGOm"- 
modation of a thousand persons, when perh^pifi^ 
t^e average number tliat would assemble in 
such places might not exceed cme tenl^ or 
one twentieth part of that number. 
IS 
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The consequences of such arrangements 
would also, be a great sacrifice in point of 
economy. For if a current of air were allowed 
to sweep throtrgh any building capable of ven- 
tilating it for a thousand people, it is evident 
that too great a portion of heat would be car- 
ried off in the winter season, when such an 
edifice only contained one tenth that number. 
The plan of Mr. Tredgold, therefore, though 
advantageous to a certam extent, and afford- 
ing very decided advantages for increasing 
the salubrity iwid comfort of our public edi- 
fices; is, however, far less econotnical aiKi 
ca^pable of regulation, than the mode of veati-^ 
laticm by mechanical i^ed<ns : more especially 
as referring to the interior of dwelling-houses^ 
and the jaaaaller class of public buildings, in 
their present state of existence. 



CHAPTER XIII. 



THEORY OF THE CONSTRUCTION OF 
CHIMNEYS, AND OF SPONTANEOUS 

VENTILATION. 

It is well known that the draught of air 
through chimney flues, and consequently the 
degree of heat which may be produced in any 
furnace, depends principally on the height of 
the chimney ; but the exact principles upon 
which the draught of chimneys may be cal- 
culated, are not well understood even by our 
first mathematicians. They all indeed pro- 
ceed upon the principle of the acceleration of 
falling bodies, and the usual theorems of hy- 
drodynamics, but they vary very considerably 
in the application of them, as will be subse- 
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quently shewn by a comparison of the results 
deduced by several eminent mathematicians 
who have made this branch of practical science 
their particular study. 

That these principles may be better under- 
stood by the general reader, it must be recol- 
lected that when a heavy body of any kind 
falls in vacuo by the mere force of gravity, 

If the times of the fall be in seconds of an 

hour— r; r, 3^^ ^\ 

The height, ^, fallen through at the end of 
each time, will be in feet, (avoiding fractions) 
—16, 64, 144, 256. 

Hence the space passed over in each suc- 
cessive second, was — 16, 48, 80, 112. 

And the successive difference of these 
spaces, or the velocity, t;, acquired at the end 
of each second, and producing the acceleration 
of the descent during the next second, will be 
—32, 64, 96. 

And the constant second differences, exhi- 
biting the invariable intensity of the power of 

L 
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gravity, g^ producing the acceleration at the 
end of each second of time is always —-32. 

From considering these numbers, it will be 
seen that the velocity, r;, produced by a given 
height of fall, or that which a body will ac- 
quire after descending freely through that 
height, will be equal to the square root of 
twice the constant intensity of gravity, g, mul- 
tiplied into the height, h^ of the fall, or in 
other words, the square root of 64 times the 
height, or what is equivalent, 8 times the 
square root of the height. So that if a body 
falls 16 feet, it will acquire a velocity, t?, of 32 
feet = v/2p = \/2. 32. 16 = \/64. 16 = 8 
v/l6.=:8. 4. 

The generality of writers have founded their 
calculations of the draught of chimneys, on 
the compound ratio of the acceleration pro- 
duced by the height of the chimney, and the 
difference of specific gravity induced on air 
by the action of heat. 

Mr. Montgolfier was the first who consi- 
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dered this subject. He i^upposes the velocity 
of the draught to be equal to that, which 
would be acquired by a heavy body which 
had fallen through a space equal to what 
would be the difference of height between two 
similar columns of air, one external equal to 
the height of the chimney, and standing on a 
base equal in area to the narrowest part of the 
chimney ; and the other column, of the same 
height and base while hot, but reduced to the 
temperature of the atmosphere. 

Now supposing the most simple case of the 
air being heated, yet so slightly altered in its 
specific gravity, by respiration or combustion, 
that it is not worth while in practice to take 
any notice of this alteration, and that the room 
to be ventilated by an opening in its ceiling 
is a double cube of 27 feet, with a door or 
doors 7 feet in height; whence taking the 
half-height of the door as the average entry 
of the air, the height of the column of air, 
will be 27—3 . 5 = 23 feet and a half, and let 
the supposed temperature of this room be 60 

l2 
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deg. Fah. while that of the external air is 40 
deg. SO that the difference is 20 (deg. 

It is well known that the densities of gase- 
ous bodies are inversely as their expansions by 
heat. Hence, although it would be a work of 
much labour to investigate experimentally the 
actual density of the warmed air, and that of 
the external atmosphere, yet this can be rea- 
dily obtained by considering the expansion 
which the air undergoes by taking the volume 
and density of the external air as unity. For 
as the bulk of any portion of warm air, is to the 
bulk 6, of an equal weight of the external air, so 
is the height h, of a column of air, from the en- 
trance to its egress to the height, h\ of a co- 
lumn of heated air, of the same height and 
standing upon the same base, while hot, but 
reduced to what it would be if cooled to the 
temperature of the atmosphere. In Alge- 
braic formulae, -ir b^ :b ::h: h\ orin numbers 
adapted to this particular example, -h- 1 

^g±5; ( = 1 . 045) : 1 : : 23 . 5 : 22 feet ^^ths. 

Hence there would be a difference of 1 foot 
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iSSjths, between the heights of the two columns 
of air ; and of course, if this difference be mul- 
tipUed by 64, the square root of the product 
will exhibit the velocity, v^ with which the 
heated air will pass through the ventilating 
opening in the open part of the room ; or in' 
symbols, \/64 {h — h')^v. Now 1,013 mul- 
tiplied by 64, is 64.832, the square root of 
which is 8 feet ^ ths, which is therefore the 
velocity for each second of time. 

If the velocity thus expressed in feet, be 
multiplied by the area of the horizontal sec- 
tion of the ventilating opening, expressed in 
superficial feet, the product will exhibit the 
number of cubic feet of the heated air that 
will pass in a second of time ; and this may 
be reduced to the equivalent volume of cold 
air, by calculating the expansion the air has 
suffered by heat, and dividing the cubic feet 
of hot air by the increased bulk w^hich a single 
cubic foot of air would aquire by the increase 
of temperature. Or if the number of cubic feet 
of cold air which the room contains, be mul- 
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tiplied by the increased bulk which a single 
cubic foot would acquire by the increase of 
temperature, and the product then divided by 
the number of cubic feet of heated air which 
will pass in a second of time, the quotient 
will shew the number of seconds that would 
be required for the entire renewal of the air, 
and this may be further reduced by the or- 
dinary rules of arithmetic, into minutes or 
hours. 

On the contrary, if the number of cubic 
feet of air which it is necessary should pass 
in a second, in order to replace the air of the 
room in a given time, or to burn a given 
weight of fuel, be first multiplied by the in- 
creased bulk which a single cubic foot of air 
would acquire by the increase of temperature^ 
and this product divided by the velocity, the 
quotient will shew the area in superficial feet, 
that the opening must have to fulfil this in- 
tention. 

But when the air is much altered in its spe- 
cific gravity by combustion, Mr. Montgolfier 
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thought this alteration of specific gravity 
should be made an clement in the calculation. 

Supposing then a furnace with a chimneyy 
whose top is 40 feet higher than the average 
height of the opening to admit the air, and 
the heated air issuing from die flue of the 
chimney, of the temperature 120 degrees 
Fah. 

In this case as the bulk, h\ of any portion 
of the expanded air, as it passes out of the 
chimney, is to the bulk, &, of a similar weight 
of air at the temperature of the atmosphere ; 
so is the density, d", (or specific gravity of 
the air vitiated by combustion, at the tempe- 
rature of the atmosphere), to the density, d!^\ 
of the same vitiated air, when heated to the 
temperature at which it issues from the chim- 
ney. 

Then by a second proportion, as the den- 
sity, rf, of the atmospheric air, (which may 
still be best taken as unity) is to the density, 
d"^, of the heated vitiated air, so is the height, 
A, of the chimney, to the height, h\ of a co- 
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lumn of vitiated air of the same elevation 
while hot, and standing on a base equal to 
the horizontal section of the narrowest part of 
the flue, but reduced to the temperature of 
the atmosphere. From which latter expres- 
sion, the velocity, t;, may be found, as in the 
preceding case. Or, in symbolic notation, 
first, -H- 6' : h wd" \ d"\ secondly, -h- d : d!'' 
i:h : h\ lastly, 1/ 64 {h — K) =t;. 

Then taking 6, as unity, V will be 1.163 ; 
and as the density of air vitiated by the com- 
bustion of coals, d", may be taken as 1.077, 
of course the density, d''', when thus heated, 
will be only 0.926. In the second propor^- 
tion, taking d^ the density, or specific gravity 
of the atmosphere at the temperature of the 
moment, also as unity, then the density, d'", 
just found, 0.926 being multiplied by A, the 
height of the chimney, 40 feet, the product 
will give h\ the height of the required co- 
lumn of heated and vitiated air cooled to the 
atmospheric temperature, namely 37 feet 
i^ths, so that there would be a difference of 
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2 feet and ^ths, between the heights of the 
columns. This difference multipHed by 64, 
gives 189.44, the square root of which, 13 
feet i^ths, is, by this mode of calculation, thq 
velocity of the heated air, in each second of 
time ; from whence we easily find the area 
the chimney must have in order to pass a 
certain quantity of air in a given time. 

In the article. Furnaces, in Rees^s Cyclo- 
paedia, the writer (it is presumed Mr. Syl- 
vester), gives the elements of a different mode 
of calculation, which he founds upon the dif- 
ference between the specific gravity of the 
heated internal air, and that of the external 
atmosphere. But he refers the motion arising 
from a change of specific gravity by heating, 
to the case of two weights hanging over a 
pulley; whence, according to Mr. Atwood^s 
theorem, if the difference of the specific gra- 
vity of the heated air and external atmos- 
phere, be divided by the sum of the same, the 
quotient multiplied by the velocity which a 
body would acquire by faUing freely through 
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the same height, will give the velocity with 
which the heated air will pass into the atmos* 
phere ; or, using the same symbols as before. 

The writer before mentioned, taking the 
density of the atmosphere as unity, and con- 
sidering the degrees of temperature by Fah- 
renheit's scale jp, which are required to double 
the bulk or volume of any given quantity of 
air; the which, as he gives no example of 
his mode of calculation, he does not quote, 
but by which he no doubt meant 480 degrees. 
Then unity added to the quotient, obtained 
by dividing the difference of temperature by 
480, will, he says, be the increase of bulk in 

the heated air, or in symbols 1 — : and its 

density, or specific gravity, d\ compared with 
that of the external atmosphere, will be equal 
to 480 divided by the sum of 480 added to 
the difference of temperature ; that is to say, 

*^ p^U'^tX ^^ course the difference of the 
densities will be equal to the quotient of the 
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difference of the temperatures divided by the 
sum of 480 added to the said difference of 

temperature, or , /^^^x and the sum of the 

density will be equal to the quotient of the 
sum of twice 480 added to the difference of 
temperature, divided by the sum of 480 
also added to the difference of temperature, 

or ^.y~l} The difference of the densities 

then being divided by their sum, the quotient, 
which is equal to the difference of tempera- 
ture divided by the sum of twice 480, added 
to the same difference of temperature, or 

o ' TTj^v is the tendency to ascend ; and this 

multiplied into the square root of 64 times the 
height, will give the velocity of the ascending 
current. 

The above theorem, he observes, will re- 
quire an equation for the friction of the tube, 
which will be very great in chimneys made of 
bricks, and from some experiments, he thinks 
that every increase of velocity may be les- 
sened one half to reduce it to practice. For 
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the retardation by the friction, and the ac- 
celeration of the ascending air, are both in the. 
same proportion ; that is to say, as the square 
root of the height. But if the velocity is 
increased by increasing the temperature at 
which the air issues into the atmosphere, then 
the friction will be increased in a higher ratio, 
namely, as the square of the velocity ; so that 
if the velocity be made twice as great by in- 
creasing the temperature of the heated air, the 
friction will be increased to four times as great 
as before. Hence the height of a chimney 
can increase the power of a furnace to a cer- 
tain degree only, since the increase of the" 
friction will, after a certain limit, prevent the 
acceleration of the current, and bring the 
velocity to an uniform motion. 

In the case of a room to be ventilated, to 
use the same example throughout, then the 
difference of temperature, 20', divided by 
twice 480 added to the same difference, 20 
(or 980), gives for its quotient 0.204, and 
the height 23.5 multiplied by 64, producing 
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1504, its square root is 38.7. Now this quo- 
tient 0.0204 multiplied by the square root, 
38.7) produces ^^ths of a foot for the ve- 
locity, exclusive of any friction. 

The general results will be thus : — the dif- 
ference of temperature 80, divided by twice 
480, adding the same difference (or 1040), 
gives for its quotient 0.0769 ; and the height 
40 multiplied by 64, producing 2560, its 
square root is 50.5 : now the quotient 0.0769 
multiplied by the square root 50.5 produces 
3.88345 : so that if we take half this number 
to make allowance for the friction, it will give 
1 foot ^^ths for the velocity in a second of 
time. 

These velocities are much less than those 
obtained by the calculations of Mr. Montgol- 
fier. The writer takes no notice of the change 
of specific gravity produced by combustion ; 
and in using 480 degrees there is an error, as 
the proper number is 448, as has already been 
shewn ; but these corrections are easily made, 
if this mode of calculation is adopted. 
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The Quarterly Journal of Science, for April, 
1822, contained an essay, by that eminent 
mathematician Mr« Davis Gilbert, on the 
ventilation of rooms, and the draught of chim- 
neys, in which essay he grounds his calcula- 
tions on the velocity with which atmospheric 
air would rush into a vacuum, or into any 
medium of less density than itself. 

The velocity, t;", with which the atmosphere 
would rush into a vacuum, is supposed by 
mathematicians to be equal to the velocity 
which a heavy body w^ould acquire firom fall- 
ing from the height, equal to what would be 
the height of an atmosphere exercising the 
same pressure on the earth as the present at- 
mosphere, but of a homogeneous density 
throughout its whole height. The supposed 
height of this ideal homogeneous atmosphere 
is deduced by saying, as the specific gravity 
of quicksilver is to that of common air at the 
level of the sea, so is the average height of the 
column of quicksilver in the barometer to the 
height jp, of an ideal atmosphere supposed to 
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be of homogeneous density from top to bot- 
tom. Hence if the average height of the ba- 
rometer be estimated at 30 inches, the specific 
gravity of quicksilver, as compared with water, 
as 13.5 to 1 ; and water as 800 times heavier 
than an equal bulk of air; then 30: 13.5. 
800 = 324000 inches or 27000 feet. 

Dr. Gregory (in his mechanics) estimates 
the height as 27818 feet, and Mr. Gilbert as 
26058 ; variations arising from minute varia- 
tions in the estimates of the specific gravities 
of quicksilver, water, and air. In consequence 
there is an equal variation respecting the velo- 
city, %!\ with which the atmosphere would 
rush into a vacuum, which from the preced- 
ing theorem respecting the acceleration of 
falling bodies, is equal to the square root of 
64 times the height, or which is equivalent, 
eight times the square root of the height : 
Dr. Gregory making it 1339 feet, and Mr. 
Gilbert, 1295 feet. 

In the following calculations Mr. Gilbert^s 
own numbers* will be taken. 

13 
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When the atmosphere, instead of rushing 
into a vacuum^ rushes into a space filled with 
rarefied air, then, omitting the consideration of 
the resistance which the atmospheric air would 
experience from the inertia of that in the ves- 
sel, and which it must displace in its motion, 
as the density, d^ or specific gravity of the at- 
mosphere is to its pressure, jp', so is the den- 
sity, d\ of the rarer or expanded air to the 
force, jT, with which the rarer air would rush 
into a vacuum, whence this force,/*, will be 
equal to the product of the atmospheric pres- 
sure, jp'^ multiplied into the density, d^\ of the 
rarer air ; and this product divided by the den- 
sity, J, of the atmosphere; or in symbolic 

language,/, = ^- The moving power then 

will be the difference bet^veen the pressure, p', 
of the atmosphere, and the force, jT, or jp' — -f; 
and substituting its equivalent ^ for the un- 
known, y, the moving power will be p' — ^ . 

Now as the squares of the velocities of influx 
are as the pressures ; the pressure, p\ of the 
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atmosphere is to the force, jT, (with which the 
rarer air would rush into a vacuum) as the 
square of the velocity, v'\ with which the at- 
mosphere would rush into a vacuum, to the 
square of the velocity, v''\ with which the at- 
mosphere would rush into rarefied air of the 
density, d\ or in algebraic notation, -n-p': 
^/ — £d : : t;"* : v*'"^ : and of course, if the 

pressure, p', of the atmosphere be taken as 
unity, this proportion is reducible to the equa- 
tion, n)\ v^(l — y) = '^'^ • Or, the velocity, 

v"\ with which the atmosphere would rush 
into rarefied air of any assigned density, d\ is 
equal to the square root of the difference be- 
tween unity and the quotient of the density, 
d\ of the rarer air divided by the density, rf, 
of the atmosphere multiplied into the velocity, 
v'\ with which the atmospheric air would rush 
into a vacuum. 

On the theory of Mr. Davis Gilbert, the 
rarefaction, h\ or expansion of the air by the 
heat, and, g\ the density or specific gravity 

M 
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of the elastic fluid as compared with atmos* 
pheric air, being ascertained, the expansion, b^ 
divided by the specific gravity, g\ will give 
the density of the air within the chimney : 
and the tendency to ascend, will be equal tQ 
the difference between this density and that 
of the atmosphere multiplied by the quotient 
obtained in dividing the height, h^ of the ven-? 
tilating tube or chimney by the assumed 
height, h\ of the atmosphere, supposing it to 
be of uniform density throughout. The square 

of this quantity ^ X - multiplied by the velo- 
city, X7, with which the atmosphere would rush 
into a vacuum, and divided by the square root 
of the density of the Hghter air, will give the 

velocity : or in algebraic notation, v^p ^ v^ 

Xv^^-l=^.X\/Ax>/6'-l=;:t;. And 

the velocity, multiplied by the density of the 
heated air, and by the section of the opening 
in superficial feet, will give the cubic feet 
issuing in a second of time, reduced to the 
same density as that of the atmosphere. 
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To find the expansion of air by heat, Mr. 
Gilbert raises the fraction ^ to the power 
whose index expresses the difference of tem- 
perature in degrees of Fahrenheit's scale, which 
is easily done by a table of logarithms. In this 
mode of calculation he follows the usual opi- 
nion with regard tp any assigned volume of 
air or gas being expanded ^^th part by one de- 
gree of Fahrenheit's scale. 

In the case of the room to be ventilated, 
the height, A, of the ventilating column, 23.5 
being divided by the height, h\ of the atmor- 
sphere, supposing it to be of uniform density^ 
26058, ^ves 0.00901 ; whose square root, or 

^/ P is 0.030 : the expansion of the jur, or 

120 




being equal, according to Mr. Gilbert's 

mode of calculating it, to 1.0423. Then sub- 
tracting unity, 6'— 1 will be 0.0423, whose 
square root is 0.2056 : multipl3dng therefore, 
the velocity, v\ with which the atmosphere 
would rush into a vacuum, or v^= 1295 feet, 
by the numbers just found, namely, 0.030, and 

M 2 
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0.2056, the last product will be the velocity, 
v\ equal to 7 feet ,^ths. 

This velocity multiplied by I, or 1.0423, as 

above, will give the number of cubic feet of 
air, reduced to the same density as the atmo- 
sphere which would pass through an aperture 
of one square foot in a second, namely 8 cubic 

Iv^t^l 1000 

In regard to the ascent of air through the 
chimneys of furnaces, it being necessary to 
attend to the specific gravity of the air viti- 
ated by passing through the fire, Mr. Gilbert 
thinks that for practical purposes, the specific 
gravity of air vitiated by combustion, being 
of the same temperature as the atmosphere, 
may be estimated at l.OST^, common air 
being 1. 

Mr. Gilbert varies greatly from other au- 
thors, in estimating the expansion of the air 
in chimneys ; for he measures it by the tem- 
perature of the hottest part of the fire-room. 
To Exhibit therefore the extreme dissonance 
of his mode of calculation to that of others, it 
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is necessary to assume some determinate de- 
gree of heat as likely to be that of the fire- 
room of a furnace having a chimney of 40 
feet in height. The heat of a common grate, 
being a bright red heat, cannot be less than 
between 750 and 800 degrees of Fahrenheit, 
and no great error can be committed in es- 
timating that of a close furnace, at 1500 de- 
grees, as is done by Mr. Gilbert himself. 
Here the expansion of the air by heat, 6', 

^ will be equal to 22.68, and the spe- 
cific gravity of the air which has passed the 
fire, when cooled to the temperature of the 
atmosphere, d'\ as stated in the preceding 
paragraph is assumed to be equal to 1.087, 
and the density or specific gravity, of the 

heated air, 3,, will be 20.87, from whence sub- 

d 

tracting unity, or the density of the atmo- 
sphere, the difference of density, - — 1, will 

be 19-87, of which the square root is 4.457. 
The height, /;, of the chimney (40 feet) divided 
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b^ A^ the height of die atmospheric snppoeed. to 
be imii^nny and assumed as 26058, giTes 

0.001 5S4, whose sqo^re toot, y^^', is equal 

to 0.39 L Now the velocity, v\ with which 
the atmosphere would rush into a vacuum as* 
sumed at 1295 feet being successively mul- 

tipUcd by v^3 — ^ ^^ 4.457» and v^i ^^ 

0.391, the final product ^25 feet -^ths esc* 
presses the velocity in a second. This velo- 
city is therefore very considerably greatei" 
than is calculated by any other author. 

Mr. Sylvester (in a paper in the Annals of 
Philosophy, June, 1822) refers to Mr. Gilbert^s 
calculations, and conceives the principle erro- 
neous, as it gives velocities far exceeding that 
of beavy bodies descending freely in vacuo ; 
whereas the resistance of tbe medium must 
cause a retardation, and render the real ve«^ 
locity inferior to that of bodies falling ia 
vacuo. 

Mr. Sylvester assumes unity as the density, 
dt, of the atmosphere at the given tempera* 
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ture, and finds the relative density, d\ of the 
heated air by the eKpani^on, taking the usual 
calculation of |§5th of its bulk for each degree, 
whatever might have been its imtial tempe- 
rature ; and takes no notice of any change of 
specific gravity by combustion. The tempe- 
rature, ?, of the atmosphere^ being taken as 
unity, that at one degree above, will, be says, 
be 1+0.00208 ; and that at the assigned tem- 
perature of the hot air will be 1j00208 raised 
to the power whos^e index is the difference 
of temperature between the two airs, or 

1.00208^^^ I^en, since the densities of 
bodies are inversely as their volumes, the den- 
sity, rf, of die atmosphere is to the density, ef , 

of the heated air, as 1.00208\*~* to unity; or 
(in order to get the density of the atmosphere 

to be unity) as unity is to . i ^ ^^t the reci- 
^ ^ 1.00208\ 

procal of 1.00208y~^— Hence the difference of 

the densities, or d — d',will be 1 — no9nft >^""^i 
and as the density, d^ of the atmosphere being 
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unity, has no effect as a divisor ; therefore, 
this difference multiplied, (as in the usual 
theorem for the acceleration of falling bodies) 
by the square root of 64 times the height, br 
its equivalent 8 times the square root of the 
height, will give the velocity. The expansion 
for one degree, 1.00208 is easily involved to 
the required power by the help of a table of 
logarithms. 

In the case of the room to be ventilated — 
the difference of temperature being 20 de- 
grees, the 20th power of 1.00208 is 1.0423, 
whose reciprocal is 0.95941, being the den- 
sity, d\ of the heated air : and the difference 
of density, d—d\ will be 0.00405. The 
height of the column of heated air, 23.5 
multiplied by 64, produces 1504, the square 
root of which is 38.7 ; which, being multi- 
plied by the difference of density just found, 
namely, 0.00405, gives 1 foot ilJths for the 
velocity. 

In the case of the furnace — the assumed 
difference of temperature being 80 degrees. 
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the 80th power of 1.00208, is 1.181, the re- 
ciprocal of which is 0.84674, and exhibits the 
density of the heated air ; whence the differ-^ 
ence of the densities will be 0.15326. The 
height 40 multiplied by 64, the product is 
2560, whose square root 50.5, multiplied by 
the above quoted difference of temperature, 
produces 7 feet ^ths for the velocity. 

Mr. Tredgold, in his recent work, has given 
us some new theorems for the investigation of 
this practical question ; but he has rather re- 
tarded than accelerated the enquiry, by the 
elaborate formulcB he employs in his calcu- 
lations. The power of the ascending current 
Mr. Tredgold assumes to be the diiference be- 
tween the weight of a column of external air, 
and one of internal air, when the bases and 
heights are the same ; or, equal to the height 
multiplied by the expansion the air suffers from 
increase of temperature. And this expansion 
he calculates by dividing the difference of 
temperature, by the sum of the temperature 
of the heated air added to the constant num- 
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bef 450 : $0 that the force {U'oducing motion 
ijsi expressed by bUn^ algelNraically, thus, h 

(450 + J. 

The velocity, therefore, of the heated air 
passing through the pipes or chimney, 19 
equal to the square root of 64 times this force, 

or in symbols, \/ ^ ^ ^ '~f) : so that if iJie 
^ 450 +>' 

height of the ventilating pipe or chimney be 
multiplied by 64 ; this product, by the diflfer- 
ence of the temperatures ; and if this last pro^ 
duct be divided by the sum of the temperst* 
ture of the heated air added to the constant 
number 450, the square root of the quotient 
will give the velocity^ according to theory^ 
But in practice, thrj^e eights must be deducted 
at once, on account of the retardation occa- 
sioned by the necessary contraction of the 
throat of the pipe or chimney, and the various 
eddies, bends, or changes of ciirectiion, in most 
chimneys, will require another correction, so 
that for general purposes, one half of the 
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theoretical velocity may be assumed as that 
^taiaed in practice. 

Taking, then, the example of the chamber^ 
Its height 93.5 maltiplied by 649 produces 
1504, and diis multiplied by die difference of 
temperature, namely £0, produces 30080 for 
the dividend, or Ritmerator of the fraction* 
The temperature of the heated air, 60, added 
to the constant number 450, gives 510 for 
the divisor or dencnninator : the quotient <if 
30080 divided by 510^ is 58.98 ; the square 
root of which, or 7.67, is the theoretical ve- 
locity ; jfrom whence deducting three eighths 
for retardation, the) remainder, 4 feet ^ths, 
may be taken as the actual vdocity. 

in the case of the furnace, the height of 
the chimney 40^ multiplied by 64, produces 
2560, and this multiplied into the difference 
of tefaperaturef 60 d^rees, produces 204800 
lor the dividend : the temperature of the 
heated air, namdy 120 degreies, added to the 
constant number 450, gives 570 for the di- 
vbor ; the quotient of 204800 divided by 570, 
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is 359.29? the square root of which being 
I8.95 is the theoretical velocity; from whence 
deducting one half, partly for retardation by 
contraction by the throat of the chimney, and 
partly for eddies and other similar obstruct 
tions, the remaining 9 feet and a half may be 
taken for the actual velocity. 

The following comparative statement of the 
velocities of ascending currents, as calculated 
by these different writers, exhibits the most 
extraordinary variations between them. 

Ventilation of Draught of 

chamber per furnace per 

second* second* 

Montgoffier 8.32— 13.91 

Sylvester, in Rees's Cyclopaedia . . 0.78 — 1.94 

Gilbert 7.88 — 226.67 

Sylvester, in Annals of Philosophy 1.61 — 7.73 

Tredgold 4.8 — 9.5 

From the vast discrepancy in these calcula- 
tions, more especially when it is considered 
that they are the labours of very eminent 
mathematicians, it must be obvious how little 
we know of the real nature of the question. 
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It would indeed appear, that all calculations 
on the subject are nugatory, if we were to 
judge from the practical results which have 
hitherto been obtained from the enquiry. For 
if the actual data for the construction of a 
chimney for any given purpose, so as to pro- 
duce the greatest possible effect with a given 
quantity of fuel, were capable of demonstra- 
tion, a priori, and under every variety of 
local circumstances; we should, long since, 
have seen more judicious modes of employing 
fuel for manufacturing or domestic purposes ; 
as well as a more effectual mode of getting 
rid of that worst of all nuisances in a popu- 
lous town — the evolution of vast columns of 
smoke. 

The question is, in fact, involved in so 
many liabilities to accidental or extraneous 
influence, as to reduce it to a mere practical 
question in a majority of cases. The species 
of fuel employed, and even different varieties 
of these species, makes an essential difference 
in the ascending current through a chimney 
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Bue, as we shewed in Chapter IV. on Fuel. 
The temperature, and especially the humidity 
of the external air, . has also considerable in* 
fkience in modifying both the draught of a 
dbimney and the ventilation of a room«— a^ is 
well known to every common observer, by 
the brilliant combustion which our ordina^ty 
fires exhibit in frosty or dry weather ; aafid^ 
vice versa, whenever the atmosphere is satu^ 
rated with moisture. The density or levity of 
the external air^ and the lateral currents pro<^ 
duced by the erection of contiguous buildings^ 
also operate greatly in modifying the draught 
or ascent of smoke* And, allowing for theacci-* 
d^ital presence or absence of all these different 
points of local and ephemeral influence, it is 
not surprising that all attempts to reduce 
the question to mathematical demonstration 
should have hitherto proved abortive : — or, at 
least, should have left the subject in as much 
obscurity as ever, so far as human economy^ 
or practical science, is concerned. 



PART II 



CHAPTER XIV, 



OF OPEN STOVES FOR RADIATING HEAT, 

The Theory of combustion and respiration 
having been considered: together with the 
principles on which the construction of fur- 
naces and other fire-places depend ; we shall 
next endeavour to apply these Principles to? 
Practice, by giving a description of the various"^ 
stoves or other grates for domestic purposes- 
that have been introduced to the public; 
accompanied by observations on the most 
eligible methods of economising fuel and con* 
suming smoke in the various descriptions of 
air furnaces; and the application of warm air 
and steam for artificially warming buildings^ 
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The general construction of the ordinary 
fire-places in England, are too well known to 
require any detailed description here. The 
principal error lies in the present construction 
of chimneys; which, together with the mal- 
formation of the fire-place renders the loss of 
fuel so enormously great, that, according to 
the opinion of Dr. Franklin, not more than a 
fiftieth portion of the heat generated, was ren- 
dered available for warming apartments, at 
the period he resided in England. 

Though it must be acknowledged that 
many improvements have been made in the 
construction of stoves of various kinds since' 
the time of Dr, Franklin, more especially since 
the general introduction of the Rumford prin- 
ciple of contracting fire-places; yet at the 
present day there exists a most extraordinary 
inattention to economy, even in the best kinds 
of domestic stoves used in this country. 

With regard to the primary evil — the con- 
struction of the flue-hole or shaft of the chim- 
ney, the present generation of builders seem 
to be as unacquainted with the principles on 
which the ascent of smoke depends, as their 
predecessors were, two or three centuries back. 
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It is indeed a most extraordinary fact, that, 
during the splendid inventions and improve- 
' ments in the useful arts and practical science, 
which have so greatly distinguished the pre- 
sent generation, that the principles on which 
this branch of civil architecture depends 
should have been almost entirely overlooked. 
The want of education in the major part of 
that class of persons who call themselves 
" builders," in the metropolis, and who erect 
nine-tenths of the lower class of dwelling 
houses in the environs of the town, totally 
disqualifies them from paying attention to 
any improvement in Principles. They con- 
tent themselves with blindly following the 
working-plans of their forefathers, entirely 
ignorant of any other principles than those 
of erecting houses (or rather, of executing 
their task) with the least possible expendi- 
ture of capital : and then getting these fra- 
gile fabrics off their hands as soon as pos- 
sible. 

From such architects It would be vain to 
look for any improvement in the principles 
of priictical science. But there are numbers 
of well-informed young men who are educated 
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for the profession of civil engineers, architects, 
&c. from whom it might be expected that we 
should derive improvements in the construc- 
tion of our domestic edifices, so far as comfort 
and economy are concerned ; though the rigid 
rules of professors of ancient architecture for-^ 
bid them from attempting any thing abso- 
lutely new in the ornamental parts of builcj^ 
ing, without being liable to the charge of 
" want of taste/' 

Fortunately, however, matters of mere tast^ 
form but a small part of the interior construcr 
tion of dwelling houses. General utility, oi% 
as it is called more properly, economy, forma 
(or ought to form) the principal feature of 
such edifices. And, as we have previoualy 
remarked, the general construction of chim- 
neys and our ordinary fire-places, are not 
only inconvenient in respect of comfort, but 
they contribute to waste an enormous quan* 
tity of fuel, and at the same time produce the 
intolerable nuisance, more especially to fo- 
reigners, arising from the great disengage- 
ment of coal smoke. 

The grand defect of chimneyi^ as we have 
previously shewn, consists in the toa gve^t 
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capacity of the fliie, in proportion to the ex- 
tent of the fire ; by which, the entire area of 
the chimney can scarcely ever become suf- 
ficiently warmed to facilitate the ascent of 
the smoke. For if the temperature of the 
smoke and warm air be not considerably 
higher than that of the external atmosphere, 
it will not make its exit with sufficient ra-? 
pidity from the chimney top, but will de-^ 
posit part of its carbon on the sides of the 
chimney, and will be liable to return again 
down the chimney shaft into the room, in 
case pf any lateral current being produced 
by the opening or shutting of doors or win^ 
dows. 

Another cause exists in populous towns 
where buildings are closely crowded together, 
which tends to retard the ascent of smoke 
from chimney flues, froin the inequality of 
height of the numerous chimney shafts. Thos6 
which are low, and, consequently overtopped 
by others, when the wind sets from particu- 
lar points^ are almost invariably liable " to 
smoke,'' as it is called, from the smoke being 
impeded in its ascent by the lateral currents 
of wind and eddies, occasionied by the chim- 

N 2 
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ney shafts, or gable ends oY buildings, in the 
vicinity. 

Although this evil is not exactly ascribable 
to the ignorance of the builder, nor, in many 
cases, capable of absolute cure, yet it might 
be greatly mitigated, and, in some instances, 
nearly prevented, if such lower chimneys were 
constructed on betterprinciples, so as to acce- 
lerate their draught. The first and most com- 
mon remedy for this inconvenience was the 
application of a chimney pot, with the view, 
as it was supposed, of contracting the passage 
for the smoke. But so far from this being 
the case, the base of these pots are, in alibost 
all cases, of greater area than the flue of the 
chimney ; b proportion as the area of a circle 
exceeds that of a rectangle. 

These chimney pots may, perhaps, from 
their conical figure, have some effect in de- 
flecting a lateral current of wind from exert- 
ing its fiiU effect on a column of smoke ; and 
with this view, the French terminate the chim- 
ney-top by four flag-stones formed into a kind 
of mitre. But these applications have t)ut 
little influence on the current of warm air in 
the chimney, though ;they have rather mote 
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picturesque appearance than the conical 
earthen pots attached to the square shaft of 
Enghsh chimneys. 

Another plan has been suggested for acce- 
lerating the draught of chimneys by contract- 
ing the throat (at discretion) by means of 
what is called a Register. That this invention 
answers the intended purpose, cannot be de- 
nied ; and, on account of the neat or finished 
appearance which It gives to the upper portion 
of the fire chamber, these registers have be- 
come almost universally adopted in our better 
class of dwelling houses. But it would seem 
tliat the Inventor of these register plates must 
have been interested in the consumption of 
coal. For it would be diflicult to devise any 
more effectual way of carrying off the warm 
air of the room, and consequently, Increasing 
the velocity of a cold current of air from the 
doors or windows, than the plan of the register 
stoves in general use. The whole of these 
stoves being constructed of iron, which is so 
rapid a conductor of heat, and being placed 
in a recess or niche, and m immediate con- 
tact with the wall of the chimney, the greater 
part of the heat from the back of these iron 



182 OF OPEN STOVES FOR RADIATING HEAT. 

plates will go up the chimney shaft ; whilst 
that which would be radiated from the front 
part of the stove is counteracted by a power-- 
ful current of cold air from the doors and 
windows* 

Whoever considers the subject for a mo* 
ment, will admit that these results will inevi- 
tably take place in the use of register stoves 
of the ordinary construction ; and that, in pro* 
portion to the goodness of their draught, so 
ought they to be condemned^so far as economy 
of fuel, and comfort to the apartment, are 
points worthy of consideration. 

To begin with a description of the most 
sample and economical kinds of open stoves : — 

Mr. Buchanan, in his " Economy of Fuel,'^ 
p. 315, notices a mode of constructing the 
common fire places in some parts of Ireland, 
which appears well calculated to remedy the 
smoking of chimneys, and at the same time 
to lessen the consumption of coals. 

The fire grate is wide but shallow, in order 
that it may throw out the greatest quantity 
of heat. The upper portion of the fire room, 
(see wood cuts. Jigs. 1 and 2), is partly closed 



^ 
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by an upright thin stone cut in the form of 
an arch. The back of the upper part of the 
fire room is formed of fire stone or fire brick 
into an oval niche, and a very small throat 
only is left for the smoke to escape up the 
chimney. 




In some parts of England, as in the neigh- 
bourhood of Birmingham, the usual fire niche 
left in the sitting rooms for the insertion of 
a common grate or stove, is built up, leav- 
ing only a small opening for the passage of 
the smoke into the flue of the chimney ; and 
the grate itself which contains the fuel pro- 
jects entirely into the room. (See Jigs. 3 
and 4:) 
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No. 8. No. 4. 





NeUher pf the preceding stoves will allow 
of the chimney being swept by boys ; and 
therefore would not do well for London and 
its environs, where the fire-offices might object 
to their introduction, on the ground of the 
supposed increased hazard. 

The next stove in point of simplicity, is the 
rude kind of American stove lately introduced 
into this country through the recommendation 
of that active and highly talented individual, 
Mr. Cobbett. These stoves consist of a large 
projecting cast iron hearth resting on brick- 
work, with the sides and hood, or head, also 
of cast iron ; the fuel being burnt on three or 
four iron bars, resting on what are called dog- 
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irons in our old English farm-houses. That 
these stoves are far more economical than the 
ordinary grates, cannot admit of any doubt. 
But when good fires are kept, and the iron 
plates become much heated, they occasion 
that disagreeable and very noxious effluvium 
in the room which we call burnt air. They 
are also too inelegant in their appearance ever 
to become generally introduced in the better 
class of houses. 

The most essential improvements that have 
ever been made in the construction of 3toves, 
by one individual, are those we owe to Count 
Rumford. This indefatigable philosopher not 
only devoted the greater part of his life to this 
subject in all its branches, both theoretical 
and practical, for the advancement of do- 
mestic economy in his own country (Saxony), 
but Great Britain is also highly indebted to 
his persevering and fertile genius for his la- 
bours in this department of practical science. 

The essential points in which Count Rumford 
improved our fire-grates, is that of contract- 
ing the area of the fire-chamber, (which used 
to be enormously large in our old fashioned 
English grates), and placing a flat surface in 
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each interior angle so a^ to reflect that portion 
of seat into the room, which according to the 
old square-chambered grates almost all es-* 
Caped up the chimney. As these stoves are now 
in universal use in this country, and as the prin- 
ciples upon which they are constructed are iso 
obvious and well known to every working brick- 
layer in the kingdom, any description of the 
mode of fixing these stoves would be quite 
superfluous. These stoves are indeed at pre- 
sent so fitted up by the furnishing ironmonger, 
as to render any skill in fixing them totally 
unnecessary. Plans and sections of these 
stoves are represented in Plate 1, fig. 1, 3, 3, 4. 

In fig. 2, the breast-work of the chimney, 
a, is rounded off in order to afford less ob- 
struction to the ascent of the smoke I and 
when the chimney wants cleansing, the plate 
or flag-stone 6, may be removed so as to open 
the aperture or throat of the chimney, and be 
subsequently replaced, after the operation- 

In fig. 5, 6, 7> fi^re plans and elevations of 
these stoves on the most economical principles 
suggested by Count Rumford. In fig. 5, a 
semicircular recess is cut out (or built) in the 
brick work, to the sides of which are sus- 
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pended the frame work or bars of the grate. 
A vertical section of this recess is shewn in 
fig. 6, and it will be evident from inspection 
that the arch of this recess will reflect a por- 
tion of that heat into the room, which would 
escape up the chimney shaft in the ordinary 
construction of fire-places. Fig 7j is an eleva- 
tion of the back and sides of the stove> which 
is to be formed either of plate-iron, or slabs of 
firestone, or tiles. 

The first and second figures of Plate 2^ 
exhibit a stove with the ordinary cast iron 
back, arid with moveable covings, either made 
of iron covered with black Japan varnish, or 
of poHshed steel. The jambs of the fire-room 
are removed, and it is open on three sides^ 
being in fact only a plain wall, with a hood 
passing into the upright flue of the chimney. 
This hood is supported at each corner by art 
iron pillar, which cames the mantle. 

The covings are moveable upon axes, and 
turn upon their upright edge nearest the fire* 
The axes are made to turn in an iron coUai* in 
the hearth, and at the top of the fire-room, so 
that they may be set at any required angle, or 
distance from the fire> as appears in the an* 
nexed plan. 
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By altering the angle in which the covings 
are placed in respect to the fire, the heat of 
the fire is reflected to different parts of the 
room ; and by bringing them very near the 
side bars of the grate, the draught of the fire 
is contracted, and thereby increased. 

In the third and fourth figure of the second 
plate are represented a fanciful contrivance 
for turning away the fire when the room is 
too warm. The fire is contained in an iron 
cage, with a solid bottom, the sides partly 
solid and partly formed of bars, and the top is 
formed of bars only ; one of which takes out 
for the purpose of introducing the coal. The 
cage or grate is supported upon two pins, fixed 
in the solid parts of its sides ; and moving on 
a swivel horizontally, which is inserted in a 
hole in the hearth. 

By this construction, the front of the fire 
may be turned up so as to throw its radiant 
heat up the chimney; or by turning the 
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whole apparatus round on the swivel which 
supports the cage, the front of the fire may 
be turned to the back of the fire-room, and 
thus, the far greater part of the radiant heat 
of the fire prevented from coming into the 
room. 

Another fancy stove is represented on the 
same plate, in figures 5 and 6. The fixe 
rooms of the chimneys of two rooms being 
made back to back, are parted only by an 
iron plate moving on a vertical axis, turning 
in the hearth, and in the partition wall of the 
two rooms. On each side of this back plate 
are affixed bars to form a grate, in one of 
which a fire being made, should it render the 
room too warm, a slight pressure will turn it 
on its axis, and thus remove the fire into the 
other room, and substitute the empty grate in 
its place. 

About two years back a patent was ob- 
tained by Mr. Cutler, an eminent stove-grate 
maker in Great Queen Street, for an improve- 
ment in register stoves ; so as to enable the 
greater part, if not the whole of the smoke to 
be consumed. A full description of this in- 
vention was given in that useful weekly pub- 
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lication, " The Mechq^nics Weekly Journal/' 
for Feb. 3, 1824. As this invention h^-s been 
altogether laid aside, in consequence, of a con- 
tested law-suit respecting the patent right of 
the inventor ; and from the stoves not being 
at all likely to be generally adopted, on ac* 
count of a certain heavy or clumsy appearance 
a$ a drawing-room stove ; a brief descriptiiCHi 
18 all that can be necessary here. 

These stoves were made on a similar coo- 
ftriiction to the general forms of regbter 
stoves, with the exception of the apparatus 
for supplying the fire with fiiel. Instead of 
throwing on coals •at the top of the fire in the 
usual way, the fire was supplied with coal 
from beneath. For this purpose a box, 
formed of iron plates, was suspended by 
chains attached to each end, which chains 
were coiled round the spindle or axis of two 
wheels placed in the interior of each side of 
the stove. These axles were turned by a 
winch, and a bevelled pinion, communicating 
to a toothed wheel. In order to use this 
stove the magazine of coals is to be filled in 
the morning by lawering it to the bottom <^ 
the ash-pit, and lighting the fire. The fresh 
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coal as it becomes successively ignited from 
above, vv^ill thus be compelled to pass its smoke 
through the body of the fire, and will conse-^ 
quently deposite the greater part of its carbon. 
But as the magazine of coals would prevent 
the necessary supply of air to maintain com- 
bustion, this object is provided for by having 
the sides of the fire-chamber formed of bara 
instead of being solid in the usual way. 

Independent of the trouble attending the 
winding and unwinding this coal-box, it is| 
very inelegant as an appendage to the better 
class of rooms, and would, therefore, not be 
likely to meet with the permanent patronage 
of the public, even if the patent right of the 
inventor had not been contested. For, it is 
verified by daily experience, that in this coun^ 
try more especially, utility alone will not re- 
commend any invention to the favour of the 
public ; unless it be also accompanied by an 
elegant appearance — or in other words — a 
conformity with estabhshed notions as to 
beauty or fitness, textaeA. fashion. While the 
ornamental part of our dwelling houses is thus 
subject to the same dominion in matters of 
taste as the embellishments of our persons by 

13 
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certain forms of dress ; it is in vain to recom- 
mend utility or even economy to our upper 
classes of society, unless we consult the pre- 
vailing taste as to matters of elegance or uni- 
formity. 

Another variety of open fire stoves is com- 
ing into very general use for warming public 
offices, and other large buildings. The cpn- 
struction of the fire-grate has nothing peculiar 
in its arrangement, but is generally made on 
the common Rumford form with perpendicular 
covings sloping to the back. It is placed not 
under the flue of the chimney, but stands by 
itself in the middle of the room ; arid is 
closed immediately above the mantle with a 
flat plate, a passage for the smoke being left 
in the top of the back, which communicates 
with a flue placed behind the back of the 
grate, descending below the floor, and then 
carried horizontally to the common chim- 
ney. 

When good fires are kept every day in these 
grates with descending flues, the heat retained 
in the chimney causing a slight current even 
in the morning before the fires are lighted, 
will determine the proper course of the smoke. 



OF dPEN STOVES FOR RADIATING HEAT. 193 



but in other cases, it is rather troublesome to 
make it descend. 

Sometimes in large offices, two, three, or 
even four of these fire-places are placed back 
to back, with a single descending flue between 
their backs. 

The top of these fire-places may be made 
flat, and covered with a slab of marble, which 
being kept heated gently by the current of hot 
air, will serve to keep any thing warm that 
may be required. 

In the galleries and halls of the better class 
of houses, these fire-grates with descending 
flues are frequently made of fancifiil forms, 
as in this figure which sufficiently explains 
their construction. The line a .... 6, shewing 
the plane of the floor. 
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CHAPTER XV. 



RADIATION OF HEAT FROM CLOSE STOVES j 
OR CONFINED FIRE-CHAMBERS. 

The most economical mode of waJntting 
apartments, and if properly managed, per- 
haps the most salubricms also, is by meails of 
radiating heat from confined fire^hamberft. 
And the ordinary German stove, as it ii^ 
called, is probably the most economiedl iftftd 
simple that could be devised for this purpose. 

In these close stoves the whole of the caloric 
given off by the bumiilg fuel becomes dis- 
persed in the air of the room, with the excep- 
tion of what is just sufficiient to carry off the 
smoke. And in case these stoves are properly 
constructed, the greater part of the smoke be* 
comes consumed from the rapid supply of air 
which may be given to the ignited fuel. 

In many parts of (he continent where fuel 
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is scarce or expensive, these kind of stoves 
are in general use. For although the stoves 
of this construction which are usually em- 
ployed in this country, are only calculated 
for heating workshops or manufactories, they 
are easily capable of being applied to culinary 
purposes, with the exception of that of roast-^ 
ing, which can only be performed by an open 
fire. The heat produced on the head or top 
of these stoves is indeed too great in many in- 
stances for the usual cooking operations. But 
if the top plate of such stoves be made of some 
slow conducting substance, such as a thick 
fire tile, or slab of marble, the heat may be 
regulated with much greater convenience, and 
^onomy also, than if these plates be made of 
iron. 

The GeiTOan stoves made in this countary 
are also made of plate iron much thinner than 
is advisable. For when the fire is urged for ai 
short period they speedily become red-hot, and 
in that case vitiate the air of the apartment 
with considerable rapidity. The scale, or rust 
of iron which forms on the surface, whenever 
that metal is exposed to a red-heat, bemg in 
fact an oxide of iron, which is produced by 

o 2 
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the : powerfiil attraction of iron for oxygen ; 
and is therefore so far injurious to the atmo- 
sphere of such room for the purposes of respi- 
ration. 

Even before iron becomes red-hot it serves 
to vitiate the air in a material degree, and 
communicates that peculiar odour before men- 
tioned called " burnt air/* But which odour 
is probably occasioned, not by any vapour 
emitted from the surface of the heated metal, 
as usually supposed, but from the nitrogen of 
the air (which becomes Uberated by the ab- 
sorption of the oxygen) acting on the surface 
of our bodies, and olfactory nerves, and 
uniting with hydrogen ; and thus forming 
ammoniacal gas. — ^Whether this theory of the 
case be correct or otherwise, we know that the 
smell produced from heated iron is not only 
very oppressive to the respiratory organs, but 
it is evidently deleterious to animals exposed 
to its influence. 

Another disadvantage attending the use of 
these stoves when the surface is greatly heated, 
is, that of depriving the air of the portion of 
moisture necessary for the respiratory func- 
tions. And this is more peculiarly injurious 
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to persons who are labouring under any 
catarrh, or other inflammatory disorders of 
the head or throat. In every case where 
these stoves are used for warming apartments, 
the plan which is adopted in many parts of 
the continent should be followed, — that of 
placing a shallow vessel of water either on the 
head of the stove or somewhere adjacent, in 
order that evaporation may furnish an equal 
quantity of moisture in lieu of that which the 
heat of the stove and apartment has dissipated. 
The neglect of this precaution will almost in- 
variably produce a most distressing species of 
head-ache even to those who are the most ro- 
bust; whilst invalids will feel the inconve- 
nience in a variety of forms, sooner or later. 

The close stoves used throughout the greater 
part of Germany and the north of Europe ; 
instead of being made of iron, like stoves of 
every description in England, are constructed 
of masonry throughout; or of fire tiles, or 
porcelain plates embedded in mortar. Even 
the plates used for dampers, which come in 
actual contact with the fire, are seldom made 
of iron plate. 

This substitution of non-conducting sub- 
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flubaaces (or at leaust imperfect conductor^ of 
heat) in ihe construction of stoves and tlierr 
appendages, is not only consistent with the 
scAindest principles of economj^ in the preser<» 
yation of heat, and the more equable distribu^ 
tion of its advantages over any apartment or 
suite of rooms ; but it^is infinitely more salu^ 
brigus than the plan of warming the air of 
rooms by contact with the iron stoves or pipes 
so generally used in Englaad. Though heated 
surfaces of all substances, except glass or porccK 
lain^ware, serve to vitiate the air of a room 
in some degree, yet the rapidity with which 
iron produces this effect (from its violent at^ 
traction for oxygen) renders it probably the 
wodst substance which could be devised for 
this purpose, with the sin^ exception of zinc. 

F«)m the prevailing fashion in diis country 
for pohshed steel or iron, in almost every de* 
partment of our domestic appendages, (not- 
withstanding there is no country in Europe 
where it is more liable to the injury of rust) 
it would be in vain for any one to attempt the 
introduction of porcelain-plates, such as are in 
general use in Holland and the Netherlands^ 
for faqng the fire-grates or staves ; or indeed 

11 
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of substituting any other article than polished 
steel, for the better class of stoves used in 
England. The interests of the furnishing iron- 
mongers (to whom these matters are usually 
left by gentlemen furnishing their houses) 
may also operate in no slight degree in deter- 
mining the prevailing taste for their own com- 
modity, on the ^me principle as the currier 
recommended fortifying a town with lea- 
ther*. 

But if it be necessary, in obedience to the 
mandates of fashion, that we should retain 
polished steel for the facing of the better 
class of stoves, there is no reason, whatever, 
why the whole of the interior of such stoves 
should be formed of the same material, — un- 
less it be for the purpose of carrying off the 
heat, evolved by the combustion of the fuel, 
by the moat rapid means which could be de- 
vised! 

There is even less apology tor this wasteful 
practice being tolerated in our common stoves, 
than in those of the better kinds, for two rea^ 
sons :— 1st, Economy in the consumption of 
fuel is a far greater object with the middiing 
«U1' * Vide, Universal Spelling Book. 
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and lower classes of society, than an attach* 
ment to certain forms : — And 2nd. ' The black 
or cast iron stove grates carry <^ the heat 
with even greater rapidity than those made 
of wrought iron with poUshed surfaces. 

It is true that a considerable portion of this 
heat is radiated into the apartment ; but it is 
also true that a much greater proportion is 
carried up the chimney, by the injudicioui» 
construction of these stoves, and by the im- 
mediate contact of their cast iron plates with 
the brick work of the clumney. 

These black, or cast iron stoves, moreover, 
radiate the heat into the room with too much 
rapidity when they become considerably 
heated, either for the purpose of comfort or 
economy ; and as a natural consequence, 
they again cool witii equal rapidity, whenever 
the fire be allowed to subside, or is neglected 
for any length of time. Thus we are placed 
between Scylla and Charybdis, between the ex- 
tremes of heat and cold, during the winter 
season, in the space of a few hours, by the 
rapid conducting power of the materials of 
our ordinary grates, and the general bad ar- 
rangement of their respective parts. In addi- 
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tion to which, we experience the greatest of all 
evils, as far as health is concerned, in being 
placed near our open fires in a constant cur-' 
rent of cold air on one side, and extreme heat 
on the other. 

That we should be more liable to disorders, 
especially to those which originate from cu- 
taneous obstruction, than any other nation 
in Europe, will thiis admit of an easy explana- 
tion. And were it not for the general habits 
of cleanliness, for which the English are so 
eminently distinguished, and the improved 
state of medical science at the present day ; 
the consequences of these cutaneous obstruo* 
tiotas would be much more serious than they 
generally are. Though it is hot easy to date 
the origin of those vast variety of chronic as 
well as acute diseases, whidi originate from 
obstructed perspiration ;— ^either general or 
partial. 

With regard to the prevention of these for- 
midable evils, as far as may be, by a superior 
arrangement of our domestic fire-places ; — -it 
certainly does appear to be very possible to 
obviate great part of the. danger, by having 
air-'flues for the chief supply of the fire, car- 
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tied ill from the external air to tbe foot of the 
^tovft^ Trititmit paasiiig throu^ the room. If 
it should be comideiBd too expensive to m^ 
moTe a small part of the flooring or side wall 
of houses now occupied, for the remote qaes»t 
tioa of beeltfa^ titiere b certainly no nason 
whatsver why this an^angemeiit should not be 
adof^wd tn the oonstmetipii of nets^ buiUHngM^ ; 
exceptf 1^ builders are not always obliged to 
be phUanthropista. We have^ moreover, sndi 
peraoQs as district surveyors in certain great 
towns } but how £ur their jurisdiction may eaL-» 
tend beycHid that of providing for tibeir &ini* 
fiesy has not been diearly d^ned by any of 
our voluminous statutesp^ Gonsequen^y the 
prc^r constructiQii of chimneys, aoas. to pre^ 
vent the waste of fiiely and the annoyaiwe of 
smoke; aa well as the fbrmatioa of air or 
draught holes fiom the eKtsricor of housea to 
the respective fire-places, in grder to the m* 
crease of domestic comfoot and healthr^are 
not included in the duties of surveyors^ or 
their immediate paymastersr^^— the speculators 
in new buildings. 

To returo, however, to the close^hambered 
stoves, generally used on the continent r^^r*- 
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There are several varieties of these BtoviBg, 
though almost all on the same principle'«-diat 
of burning wood in a confined chamber, coo* 
structed of fire tiles, flag stones, or other slow 
conductors of heat. ■ "Hie most simple variety 
of these stoves is represented in the following 
wood cut; which is merely a rectangular box 

No. J. 




Or chamber, with the front wall removed. 
Hiis stove may be placed in a corner of the 
room, and supplied with fiiel from without, 
the smoke also being allowed to escape ex- 
ternally. When the sides of this stove are 
sufficiently heated, the apertures may be 
closed by a piece of tile fitted to the openings, 
which prevents the heat from being dissipated 
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except by gradual radiation from the external 
surface. With a view to augment the heated 
mass, the stove is sometimes made with tiiree 




internal chambers of thin fire stones, as in 
figure 2. This arrangement retains the heat 
rather longer ; but still the stove requires at- 
tendance. 

In the preceding figures, die wood is repre- 
sented as being burned on the bare hearth of 
the fire-room ; but in the following figures the 
fire-room is parted in two by a grate, on which 
the wood is burned, as usual with coal. In 
No. 3, the chamber of the stove is divided 
into four, by three partitions, two directed 
so that the smoke and heated air is obliged to 
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descend twice ; and thus the current being 
retarded, it communicates more of its heat to 
the sides and top of the stove, and of course a 
smaller proportion of ftiel is required to give a 
certain temperature to the rooin. 

With the same view, the internal partitions 
are frequently made thicker than the actual 
sides ; and the flues of the chamber directed 
either horizontally, as in figure 4, or verti- 
cally, as in figure 5. The partitions are made 
either soUd or hollow, as they are represented 
in the figure. If they are made hollow, the 
ends next the room are sometimes left open. 
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by which means the headng sutiace is in- 
cmt^ed ; ot they are closed with proper 
stoppers, in which case they may, if holiitdn- 
tal, be used afl hot drawers, for the purposes of 
drying. 

Although the general form of this sdiaQer 
kind of German stove, is that of an ordinary 
chest of drawers placed in a comer of the 
room, so that the top of them are used in 
winter time as a drying place in the sitting 
rooms of the superior classes, they are made 
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of many other forms, as in the annexed 
figure 6. 




CHAPTER XVI. 
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NORTH EUROPEAN, OR RUSSIAN STOVES. 

In the colder countries of the north of Eu- 
rope^ the close stoves are made more solid 
than those already described, and more care 
is taken to get all the heat that is possible 
from a determinate quantity of fuel; espe- 
ciaUy a^ in many of the northem towns, a 
heavy excise duty is levied upon all the fire- 
wood that is brought into the town, ^hich 
rendei^ it necessary to be very economical in 
its use. 

The figures in plates III. and IV. exhibit 
the most approved construction of these close 
stoves. As the air of the room is to be 
warmed solely by contact with the outside of 
the stove, it is not built close to the wall, nor 
immediately on the floor ; but is raised a few 
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inches from it by low pillars, and is usually 
placed in a corner of the room ; and stoves in 
the different apartments are so disposed that 
the chimneys may be joined in stacks as in 
our English houses. 

The close stove whose sections are deli- 
neated in plate III. is of a more simple; con- 
struction than that in the fourth plate, but 
proportionably less efficacious in heating the 
room. It is composed of a fire-room, a, by 
fig. 1, 2, and 4, divided horizontally by a 
grate, both which cavities are accurately 
closed with doors, generally on one of the 
narrow sides, as represented in the plate ; the 
door above the grate being double, to keep in 
the heat more effectually. 

The smoke and heated air arising from the 
fuel burned on the grate of the fire-room, ft, 
fig. 1, 2, and 4, passes through a slit in the 
roof of the fire-room, into the cavity, c, fig. 1, 
2, and 3, immediately above it, and from 
thence by another, slit, into a third cavity, 6?, 
fig. 1 and 2, the roof of which forms the top 
of the stove. These apertures just mentioned, 
are not placed one above the other, but arie 
made on different sides of the . roofs of the 



cavities, as shewn ait c, in ^he verticil section 
of the stove, fig. 1 . 

A square opening, e, in the upper part of 
the cavity, d, fig. 1 and 2, allows a parage 
for the smoke and heated air. into a desceiidr 
ing flue, e,/,.fig, 1, 3, 4. and 5; and in cdlise- 
quence of the retardation this deacent causes 
in the current of the smobe, great part qf tli^ 
heat is deposited on the sides of the fliie>» 
Jlaving arrived near the bottom ctf the stove^ 
the flue turns iip,. and ascends to near the to]^ 
of the stove, as at g, ^,.fig. ,5, 3, ctiwi, 4. At 
h^ B. square opening forms a comtnunipatioQ 
between the stove . and the stack of ehinmQys 
belonging to the house. 

The second variety of jRussian stoves, secJ-r 
tibtis of. which are given in plate IV. are fiiore 
complicated than those described in plat6 IJI^ 
But as the principle of each is. precisely the 
sime, the description already given will enable 
the reader to. trace the {)roduction and econo-r 
mical .managetnent of heat, without any de- 

wriptidnofplafeJY. 

Although the general cQnsti^uction of stoves 
throughout the nbrth of Europe is never likely 
to become introduced into England for heating 
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dwelling-houses, while fuel is so abundant, 
and the national taste for open fires prevails ; 
yet stoves on this principle might perhaps be 
applied with advantage in warming Conserva- 
tories or Hot-houses. 

It would not however be necessary to sug- 
gest any modificatioa here, with that view ; 
as a subsequent chapter, describing several 
v^eties of the B^lp^r or Derbyshire stovi^, 
is more particularly applicable to the modes 
of heating buildings of all kinds by air-fluesr: 
— to which chapter we beg to refer the readei;, 
and proceed to the mode of heating apai>- 
ments adopted by the Chinese. 
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CHAPTER XVII. 



CHINESE MODE OF HEATING APARTMENTS. 

Notwithstanding the national jealousy 
of the government of the immense empire of 
'China almost prohibits every species of inter- 
course with other nations; and the patriar- 
chal system of government which has been 
adopted throughout the whole mass of society 
for a long series of ages, renders it almost im- 
possible that these singular people should have 
derived any material improvements or disco- 
veries in the arts from any other nations; 
yet the high state of perfection to which very 
many of the useful arts have attained, pre- 
vents us assuredly from considering them in 
the light of barbarians, or indeed, a$ any thing 
less than a most ingenious and inventive race 
of people, however much they may vary from 
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that conventional standard, which we, in our 
national greatness, terni civilization. 

In domestic economy, and in agriculture, 
especially, the Chinese are economists in the. 
strictest sense of the word. And in some 
cases they extend this economy to limits 
which would not exactly square with our no- 
tions of delicacy. Nothing in China is consi^ 
dered useless, or is thrown away, from its 
minor value. And whether this rigid ecoT 
nomy may be owing to necessity, on account 
of the extremely dense population of the 
country; or whether it be the result of deli-, 
berate study and experimental research, the. 
fact appears unquestionable that in several! 
departments of the operative jarts and manu- 
factures the Chinese afford us models well 
worthy of our imitation or adoption. 

In the management of fuel for heating, 
buildings and other domestic uses, they are. 
admirable economists, according to the best 
accounts we have received of their internal 
arrangements. English travellers have indeed 
had very little opportunity of becoming ac- 
quainted with the domestic economy of the, 
Chinese, owing to that commercial jealousy^ 
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which makes them exclude our countrymen 
from visiting tho interior of the country, Ihie 
Frendh missionaries of the last century are 
indeed the only authorities irom whom we; 
gain any information concerning the ihtdmal 
and domestic arrangements of these singular 
people. According to the account of Father 
Qramont (Phil. Trans. 1T71) the climate of 
Pekin, where he was long Tesident, thou^ 
10 degrees farther south idian the latitude of 
London^ is considerably more severe in the 
winter season than the clinmte of England : 
thie thermometer ranging ifrotn ^ to 13 below 
iseto of :Reaumuir^s scale ; or from 20 to 30 
below the freezing-point of Fahrenheit. 

In order to counteract ^this low tetnperature, 
llhe Chintese adopt the most scientific princi- 
ples that could be resorted to, — 4;hat ^of 
building their houses with double walls, and 
having hollow flues extended beneath the 
floors ; by which all the heat which is jgene- 
rated, is made available for warming the 
dpaftments. 

In the better class of houses, the fire-place 
is constructed either a^inst the exterior wall 
of the apartment to be heated, or elsi^ in an 
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inferior room adjoining : by which means the 
inconvenience of servants entering the rooms 
to superintend the fire, as well as the. nuisance 
arising from dust pr smoke is completely 
avoided. iErom the fire-^chamber proceeds a 
main flue which is connected with the hori- 
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7X)ntal flue, a, b^ (seewaod cut.) From, a, 6, 
apother flue,.c, df,iproceeds at right angles to 
about three-fourths of the extent of the room. 
These flues are perforated with iholes at proper 
distances in. order to give out the heated air 
and smoke equally over the whole area of the 
flopring. Two horizontal cikies are built in. 
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or attached to the side walls, as at/, ^,m 
order to carry off the smoke into the external 
air, or into the flue of an upright chimney; 
The flooring of the apartment consists of 
flat tiles or of flag-stones nicely embedded in 
cement, so as to prevent the escape of the 
smoke or heated air from the flues beneath, 
into the room. These stones or paving- 
tiles resting on blocks of stone or bricks, 
may be made of any thickness required for 
the extent of the air-flues which are em- 
ployed. 

It must be obvious from inspection, that 
this mode, of disseminating heat will be more 
economical even than the plan of the Russian 
stoves ; whilst it disperses the heat more uni- 
formly over the apartment, by its coming in 
contact with every part of the floor. These 
floors also being built of very imperfect or slow 
conductors of heat, and in the better class of 
houses, the paving tiles being made of orna- 
mental porcelain ware, of considerable thick- 
ness, — ^when the floor has once become suffi- 
ciently heated by the flues, and the apertures 
of the main flues at the exterior being stopped, 
tlvBse porcelain floors will retain a sufficient 
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heat for domestic comfort for many hours, or 
rather during the remainder of the day. 

It is perhaps good economy in such cases 
not to let the temperature get below a certain 
point, before a fresh portion of fuel is added to 
the fire ; on the same principle as that it is a 
wasteful practice to allow the air furnaces of 
founderies, or other manufactories, to become, 
extinct*. 

The only objection that seems to present 
itself against the Chinese method of heating 
rooms, is that of the flues becoming choaked 
by the deposit of soot. This evil is, however, 
in a great measure, avoided, by the close eco- 

* It appears, from the ruins of the Roman viUas which 
have been discovered in England, and particularly from 
that described by Mr. John Lyster, in the Philosophical 
Transactions for 1706, vol, xxv, p, 2226, that these flued 
floors constituted that kind of hypo-caustum, which the 
Komans called fornax, or csenatiuncula hybemaiia ; ex- 
cept that the fire-room and chamber, or flue, was con-r 
founded into one ; a deeper space being left between the 
two floors of tile^ and the space heated by burning wood 
on the lower floor, the fuel being introduced by a door on 
the side. The ravages of the northern nations seems to 
have occasioned the disuse, in this country, of the Roman 
mode of heating rooms, and to have introduced our present 
ruder manner of effecting the saraie object. 



318^' CfflSrUB MODE 4HP HE^JSIim iO^ABTlBanS; 

nomy of (^is ingeniocrs people* For instead 
of employing pit-coal .of good quality, they 
nmke use of did inlbior or>small coal for diis 
purpose; which refuse boal is mixed with a 
compost of clay 9 ^arti], ^^owndung, or any re^ 
fuse vegetable or carbonaceoiis matter, and 
then formed into balle, which are dsied in liie 
sun or open air. Independent of the cheapo 
ness of these fire-lumps or balls, they give out 
very little smoke during combustion, and con- 
9f$quently the flues are proportionably less 
lie^ble to b^ choaked with soot. In some cases 
wood isicmployed foir domestic fuelin China ; 
but as^they iposses^ abundance of coal, and 
have a general communication throughout the 
kingdom, by water carriage; coal, or qom- 
posts gf coal and earth of various kinds, con- 
stitute the bulk of the fwel used in that 
country. 

In the inferior dlass of houses, instead df 
having the stove built outside the house, it is 
constructed in a corner of jdie ordinary room. 
A pit being dug for the body of the fire- 
chamber and draught-hole, and the top orhead 
ofthe stove is used for the different operations 
of cooking, or.other dons^est^c :piHpoges. 
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That no portion of heat may be lost, or 
escape into the room by radiation, beyond 
what is requisite to maintain a given tempe- 
rature, the Chinese place vessels of water on 
the head of the stove ; which serves both to 
absorb and economise that heat which would 
be, otherwise, lost or waste ; while it affords 
the necessary supply of moisture by evapora- 
tion, to preserve the atmosphere of a room 
always in a state of salubrity or of comfort. 
In this instance, therefore, (as well as many 
others in the useful arts) the English might 
take a lesson from these ingenious people ; for 
a great portion of the inconvenience and op- 
pression which we feel in our apartments dur- 
ing the summer season, or even in winter, when 
a considerable number of persons assemble 
together in rooms, artificially lighted, arises 
from the want of sufficient humidity in the 
air for the purposes of animal respiration. 

We have already shewn in a previous chap- 
ter, that a few open or shallow vessels of water 
placed in crowded apartments, such as as- 
sembly rooms, lecture rooms, &c. would have 
a beneficial agency as an absorbent of part of 
the vitiated air, (amraoniacal gas) : but it is 
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perhaps of far greater importance to health , 
to afibrd at all times an adequate supply of 
moisture to the air. 

Although a very humid atmosphere — espe- 
cially when accompanied by a low tempera- 
ture, as during our autumnal months — is dis- 
agreeable, and productive of chronic diiseases 
as well as " low spirits,^' — ^yet the conse- 
quences of an excess of moisture in the air, 
are not so injurious to health as a deficiency 
of moisture. 

Were it not for this important agency of 
wdter — designed by our beneficent Creator as^ 
the, regulator of so many natural phenomena 
'. — we should not be capable of withstanding 
the scorching rays of the sun in tropical lati- 
tudes, nor the severity of the northern blast of 
winter. For in the former case, the evapo- 
ration of water following the elevation of tem- 
perature of the air, and (as we have previously 
shewn) the conversion of water into vapour 
requiring a prodigious supply of caloric from 
the air ; — whilst a sufficient supply of water 
exists, the absorbtion of heat by the process 
of evaporation, will always keep the tempe- 
rature of the atmosphere below that of the 
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human body, or 96"^ Fahrenheit. But in the 
interior of a large continent, or in districts 
abounding with vast deserts or sandy plains, 
the want of humidity in the air sometimes 
allows the thermometer to range from 1 10 to 
. 120 degrees, in the shade. 

Another proof of this beautiful agency of 
water, in moderating the extremes of temperar 
ture, is equally apparent in high latitudes. — 
The cold currents of wind blowing from the 
north and north-east during the winter, in our 
hemisphere, would be perfectly insupportable, 
if they were not mitigated in their severity by 
the aqueous vapour existing in our atmo- 
sphere. For during the process of congelation 
the aqueous vapour not only gives out to the 
atmosphere the vast quantities of caloric (es- 
timated at 900® Fahrenheit) which is held in 
combination under the gaseous form,; but 
about 140 degrees additional, while passing 
from the liquid (water) to the solid form of 
ice or snow. 

It thus appears, notwithstanding our dis- 
like or apprehension of the severity of snow 
storms, that they are destined to answer a 
most important purpose in the economy of 
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nature, by moderating the inclemency of the 
chmate in high latitudes. 

The importajice of watier^ or rather of aque- 
ous matter, in the grand externid magazine 

called the atmosphere, will thus enable us to 
form an opinion of ite value as a regulator in 

€>ur domestic edifices. As each cubic foot of 
air (according to the accurate calculations, of 
Mr. Daniell,. in his valuable Meteorological 
Basays) at the tetopcsrature of 60^ contains 
about 6.2 grains of water, when saturated 
with moisture ; it will be readily seen, that a 
considerable supply of this aqueous matter 
will be necessary to maintain the air in a re- 
spirable state, whenever the temperature is 
much increased, and the air of the room be- 
come dried and vitiated by artificial lights 
and fires. The capacity of air for moisture 
being proportionate to the temperature, in ap 
increasing ratio— a cubiq foot of air at the 
temperature 84° will require 12.7 grains, or 
more than double the quantity of water neces- 
sary to saturate air at the heat of 60 degrees. 
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CHAPTER XVIII. 



CLOSE CHAMBER AND VASE STOVES. 

The celebrated Dr, Franklin, among various 
other pursuits connected with practical science, 
devoted great attention to this department of 
CLvif and domestic economy. But although 
tlie general talent, or more accurately, the 
Universal talent, of Franklin, must ever be ac- 
knowleged ; yet it cannot be denied, that this 
grekt man was sometimes in the habit of 
availing himself of the discoveries or sugges- 
tions of others, and after effecting a slight 
modification in their arrangement, announcing 
such inventions as his own db origine. 

Thus, in the case of stoves or grates for 
more effectually economising fuel, many of 
the inventions described in his Essays were 
adaptations of the inventions of French or 
German philosophers. 
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In the middle and lattw end of the seven- 
teenth century, a M. Dalesme, a French en- 
gineer, invented a domestic . stove or furnace, 
with the view of giving out nearly all the 
artificial heat to the apartment, whilst it was 
calculated to consume the smoke at the same 
time. The apparatus, which is the inven- 
tion of Dalesme, improved hy Dr. Leutmann, 
a German, is represented by the following 
wood cut. We should, ■ at the present day. 




perhaps, consider this apparatus rather rude ; 
but as it obviously forms the basis on which 
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several later inventions have been founded, it 
is worthy of mention here. The vase, or fire- 
chamher, may be taken off, and filled with 
lighted ciiarcoal or wood, and the drum, or 
lower chamber, and pipe, being then heated, 
by burning a little light wood or shavings, 
the vase is to be replaced ; when, the air being 
only admitted at the top of the vase, will 
drive a current of heated air and smoke up 
the pipe, and into the flue of a chimney. It 
must, however, be evident, that some part of 
the smoke and vapour will ascend from the 
top of the vase into the room, and that it 
could only be used with any comfort with 
charcoal, or wood very well dried. 

Dr. Franklin, in adopting this principle of 
constructing stoves, actually retained the vase- 
like appearance which Leutmann had given to 
the fire-place ; and indeed, the only essential 
alteration he made in the construction was that 
pf flattening Dr. Leutmann's drum, or lower 
chamber, into the shape of a hollow hearth, 
divided Into flues ; and not admitting any air 
to pass into the chinmey beyond the fire. This 
last alteration renders his stove more truly a 
close stove than Dr. Leutmann's ; but the pro- 
Q 
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priety of the alteration will be considered 
hereafter. 

The general appearance of this stove, ac- 
tjording to the modification of Dr. Franklin, 
i^ that of a cast-iron vase, standing on a 
pedestal in a niche or recess of the wall of the 
apartment, as represented in Plate V. figures 
1, 2. The vase opens by a joint, a, fig. S, in 
order to admit the fuel, which rests on tine 
fire-bars, b : a plan of which is shewn, fig. 3. 
The height of the vase is from 20 to 24 inches, 
with an aperture at the top about 2 inchies 
diameter for the admission of air. The lower 
ap^tune opens into the square box which fotm^ 
the pedestal : the bottom of this iron box 
being fttrnished with bars, to allow the ashes 
to pass into the iron trough below, see fig. 4; 
or at «, in the horizontal section fig. 5. Be- 
neath the pedestal are five (or more, if neces* 
sary) air passages, for more effectually dis- 
seminating the heat firom the burning fiieL 
The front view of these passages being seeti 
in fig. 1, and the section, fig. 5, a. h.h. c.c. 
These passages have a front wall or pktte, 
something in the form of a fender, which 
prevents the smoke and hot air from flowing 
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into the room ; but after giving out the greater 
part of its heat, it passes off by two holes, 
shewn in fig. 4, into the main flue of the chim- 
ney. Figures 6, 7? are representations of the 
cover to regulate the admission of air from the 
atmosphere into the va^se, and to shut off the 
communication when requisite, from the vase 
to the air-chambers. 

From the very nature of this construction, 
a current of air can only be produced through 
this stove (from above downwards) by heating 
the box below the pedestal and the air passages, 
previously to lighting the vase, which is to be 
accomplished as follows :— The communication 
with the air above being shut off, a^ew shav- 
ings are to be lighted inthe center air-passage, 
the rarefied air and smoke finding its way 
through the other passages into the chimney- 
flue. After a current of air is thus created, 
and the lower chambers closed in, by lighting 
a fire in the vase, and opening the top, the 
supply from the atmosphere will continue the 
current downwards through the fire and air- 
chambers; so that little smoke will escape 
upwards. It is too troublesome an opera- 
tion for domestics to superintend a stove of 

Q 2 
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this description. And as it is not calculated 
for burning coal, (both on account of the im- 
possibility of preventing the disengagement of 
some of the smoke from recent coals into the 
room, and of the lower passages becoming 
choaked by the soot) though this stove is 
tasteful and elegant in appearance, it never 
would be generally introduced— even in the 
more ornamental parts of buildings, such as 
halls or libraries. 

Dr. Franklin also availed himself of the 
labours of another eminent Frenchman, die 
Cardinal de PoUgnac, who, in the early part 
of the last century, published a treatise, en- 
titled " Le Mecanique de Feu,'^ under the 
assumed name of Ganger. 

From this treatise, which contains many 
valuable suggestions on the best m^ans of 
economising fuel, Dr. Franklin borrowed the 
construction of what he denominates his Pen- 
sylvania stove, both in compliment to his 
newly-adopted country, and more effectually 
to conceal the origin of its inventiori. As the 
principle on which this variety of stove is 
constructed, is very nearly similar to that 
of the Russian stoves already described, a 



CLOSE CHAMBER AND VASE STOVES. 229 

brief account of Dr. Franklin's adaptation is 
all that can be requisite here. Plate VI. 
figures 1 and 2, represent a front view of these 
stoves. Figure 1, having the front plate and 
screen removed, so as to exhibit the air-pas- 
sages, a.a. Figure 3 shews the vertical section 
of this stove, while these air-chambers are re- 
presented above h, the current of air being 
admitted by a flue beneath the floor ^tf, and 
after passing through the iron chamber or box, 
escaping at the back part of the stove, and 
being prevented from ascending the chimney 
by the plate g, it is thrown out into the apart- 
ment. The fire being lighted at cr, the smoke 
and hot air will pass down the middle passage 
b, and up the main flue c, provided the flue 
retains any heat so as to giVe a current in the 
first instance. The draught of the fire may, b ow- 
ever, be increased, by allowing part of the air 
from the flue /, to escape near the front of 
the fire, and thus force up the current of 
smoke. The ground plan of this stove is re- 
presented in figure 4. 

As the box or air-passages of this stove are 
formed of iron, and being in immediate con- 
tact with the burning fuel will speedily become 
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red hot, it is evident that the heated air which 
isf thrown into the room front stoves of this 
constraetiori, will have &e disfietg^eeaible an^ 
insalubrious pifbpeirty df burnt air i which we 
have fdready stated as applicable to the com* 
noSa German stoVe made of irpii plate? 

Figures 5 and 6 are v6rti6al and horizcAaitlii 
seeticjns of tiie ordinary English grafe^ on the 
6ld scjuare fi]^6*cfaaxbber plan ; onl^ it is ffo^ 
ytded with a sdriei& of ^r-^ues on eaeh stde 
between the iron jJates 6f the fire-chamber 
and the jdmbs of the ehiiiineji But fh^ 
same object!^ tlfiat applies to the |lreeedin^ 
fotm of stoves for biitoing ^oo^i ii equally 
applicable in tibis case; The ^r must R^<^es^ 
sarily be vitiated by eoihing in Contact with 
red hot iron ; while Dn Franklin has not even 
made any prdvLsli^ti fdr supplying the heated 
air with moisture aftei^ it h^ passed thrdugh a 
ired heat J The pretensions of the doctoi^ there^ 
fore as to any claim of originality of in veiltioii j 
either in the vtese fon6 stoves,; or iii thoste of 
the latter description are exceedingly dligbt j 
and had he ndt emigrated to a country: where 
society yros at that period almost in a i^tate d 
infancy^ ^aid vih^ie bis ][)retensions were ctm* 
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sequently not disputed, we should probably 
not have heard of his ^' Pensylvanian stoves/' 
Dr. Franklin in some departments of science 
had original views ; but from the specimens 
of his talent here represented, it would not 
appear that those views extended to the de- 
velopement of any essential improvements in 
the construction of stoves or the consumption 
of fuel. 

The celebrated French chemist, M. Guy ton 
(de Morveau) was likewise guilty of attempt- 
ing an improvement on the stoves commonly 
used in Sweden and throughout all the north 
of Europe ; in order, like Franklin, to claim 
the honor of invention. The '^ improved'^ 
stove of M. Morveau is represented in plate 
VIL, and is adapted for the use of wood fuel 
only, like the other stoves of this kind before 
described. Indeed the modifications in the 
construction recommended by this eminent 
chemist are in so slight a degree different 
from the stoves shewn in Plates III. and IV. 
as scarcely to deserve a separate plate. Fig. 
1, Plate VII. is an elevation of Mons. Guy ton's 
stove, and fig. 2 a section cut through the 
center : and fig. 3 a section cut through the 
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rightsideoffig. 1. Figures 4 and 5 are hori- 
zontal sections, the former cut through the 
superior portion, > and the latter through the 
lower portion of fig. 1. «, fig. 1. is the en- 
closed fire-chamber, made of plate or cast 
iron, with air-passages on each side which 
alternate, as shewn at &, fig. 3^ in order to 
bring the air more effectually in contact witb 
the hot sides of the fire-chamber ; after which 
it passes into the air-chamber, c, shewn in 
figures 1, 2, 3^ where it is still further heated 
by the hot plate, d ; from this chamber it flows 
through the two apertures e, e, into the apart- 
ment. These apertures being provided with 
plugs or stoppers to regulate the supply as 
may be necessary. The chamber, jT, is a kind 
of warm closet built of brick or stone. 

The fire being lighted in the space, a, figures^^ 
1 and 2, the smoke and hot air will ascend the 
back flue, by fig. 2, and on arriving at the top 
of the stove will communicate its heat to the 
flues or hollow walls both in the front and 
down the sides of the stove, as shewn in the 
upper part of fig. 2, and in the. sections at 
figures 4 and 5 ; after making this circuit the 
smoke escapes through a pipe at the back of 
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fig. 2, into the chimney-shaft. This pipe 
being closed by a damper when the wood has 
given out all its smoke in order to prevent the 
escape of heat unnecessarily from the stove 
into the chimney. The draught-holes for the 
air which is to be heated and subsequently 
thrown out into the atmosphere of the room, 
are shewn at 6, b, fig. 1, and at the side 
view, fig. 3, at a. And the necessary supply 
of air for combustion of the wood is admitted 
through the small aperture, b, fig. 2. 

As we before observed, the sUght altera- 
tions of this stove from the plan of those used 
in the north of Europe, are not sufficient to 
entitle M. Guyton to the honor of an in- 
ventor. The only improvement is one which 
might have been naturally expected from such 
an eminent practical chemist — that of attach- 
ing a vessel of water to the stove so as to sup- 
ply the heated air with sufficient humidity. 
But the iron plates of this stove, like those of 
Franklin, must greatly deteriorate the air for 
the purposes of respiration. 

One of the best forms of arrangement which 
has been hitherto suggested for uniting the 
advantages of a close chamber-stove, with 
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that of accomiiiodating the EngHsh predilic- 
tum fbr open fire-placesi ia the plan of a stovci 
gdute by Su: G. O. Paid, desmbed in the xixtfe 
volttmeof TranBacttoiMof theSo<»d;y of Arte^ 
&C4 aod of wbicli tiib fbUowing wood oat is a: 
r^pr^entatitHi. The form is that of a. ooto- 




mon Bath fltove, but vith liie hobs projeotittg 
two inbhes and a half before the front bars of 
the grate. Both the ash-pit and front of the 
fire-grate are closed with folding doors ; there 
is also at top, an iron plate moving on hinges; 
which, when put up, serves as a continuatioxL 
of the back to the stove, and -when down, it 
serves as a cover to the grate, which is 
then completely enclosed. The smoke passes 
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through a notch in the back of the grate neai 
the top. The iron cover, wh«i down, maji . 
be used as a hot plate for culinary purposes. > 
Holes are lefb in the castings of ih& ash-pit 
to receive the moutli ofaJr-pipesi either in the 
back, or on one or both stdesj aa circumstances 
may require. 




At the top of the stove is a register sliding 
in groves, which, wfaea pulled out, closes the 
opening firom the room and space above the 
grate into the flue of the chimney, and opens 
that which communicates with the slit in the 
back of the grate. And when this register is 
pushed in,' it shuts this communication, and 
opens that between the space above the grate 
and the chimney. 

The draught-hole for supplying this stove 
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with air, when the ash-hole is closed, may be 
made to communicate with the ceiUng of some 
other room, either below, on the same floors 
or above that in which the stove is placed ; or 
if the stove is used on ship-board, with the 
bottom of the hold. ^;: 

It will be obvious, from an inspection of the 
principles of this grate, that when the doors 
are closed it possesses all the economical ad- 
vantages of close stoves, and on opening these 
doors, the cheering aspect of an open grate is 
obtained. For ordinary sitting rooms, where 
part of the necessary culinary operations are 
sometimes performed, it also affords the ad- 
vantage of warm plates or hobs, without any 
additional sacrifice of fuel. But owing to a 
certain heavy or clumsy appearance attached 
to the doors in front of these stoves, they have 
never been much introduced into use, not- 
withstanding the soundness of the principles 
.n which Lj we>e comtmcted. L Lr 
economical advantages. 



CHAPTER XIX. 



OF THE VARIOUS KINDS OF COCKLE 

STOVES. 

The economical advantages to be derived, 
from the use of confined fire-chambers in pre- 
ference to open grates for warming buildings, 
have long been so well known, as to have in- 
duced several of our ingenious countrymen to 
adopt the principle of the close German stove 
in the construction of stoves for heating- 
almost every species of buildings, with the 
exception of the domestic apartments of 
dwelling-houses. In the application of this 
principle however, a very different arrange- 
ment is necessary when coal is the fuel em- 
ployed, instead of using wood. The latter 
substance (as we shewed in one of our early 
chapters) from its giving out a greater pror 
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portion of hydrogen during combustion, the 
smoke may be conveyed off after passing 
through many circumvolutions in the flues ; 
and without depositing any material quantity 
of soot in its progress. But owing to the su- 
perior density of coal smoke, and its liability 
to deposit its carbon, it is necessary to make it 
pass off at a higher temperature, and through 
flues of greater area than would suffices for the 
smoke of wood, peat^ or coke. 

The first person who made any material 
improvement in the close chambered stoves 
in . England, was Mr. Strutt of Derbyshire ; 
^i the purpose of warming his extensive cot- 
ton-woiks more uniformly, and with greater 
ecosMmxy ithan formerly. The first or most 
simple ^an of these stoves, iras that of msik- 
iog J die fire-chamber of a cylindrical fomi, 
with a flat.or dome^formed head, and a pipe 
leading from the upper part to carry off the 
smoke into a ^cbi^ney-^ue ; like the old Dutch 
(HT German {date iroi^ stoves. 'Hiis iron fire- 
room, which from its figure, has obtained the 
name of*' the cockle,^' was then placed oo a 
bed of masoniy or brickwork, with a grating 

and aj^h-pit beneath, ^s represented in plate 

11 
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VIII . fig. 1. At a given distance from the 
cockle, a J a mass of brickwork M^as built up, 
concentric with the cockle and its dome top, 
as at 6, 6, in ofder to allow a current of air, 
which was admitted by passages below, to 
come in immediate contact with the whole 
surface of the iron chamber and pipe. This 
air after being heated and consequently rare- 
fied would naturally ascend towards the head 
of the stove, and pass through one or more 
apertures into the room required to be 
warmed ; as at e. The fuel was supplied at 
the door c, passing down a sloping dead plate 
to the fire-bars. The ash-pit and draught-hole 
for the fire being shewn at d. 

In order to bring the air in contact with a 
greater ej^tent of surface ; another form was 
given to the cockle by contracting its diameter 
and making it of iron pipe, bent into a serpen- 
tine form, as represented in fig. 2. The fire-, 
chamber is formed by placing the grating 
near the lower part of the conical pipe, «, the 
opening to which, for the admission of fuel, is 
at c ; another narrow opening is made imme- 
diately in front of the fire-bars, to allow the 
ashes to be cleared from the bottom of the fire. 
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The brickwork enclosing the cockle is built in 
the form of a parallelogram, the longest dia- 
meter at 6, 6, in order to contract the area of 
the chamber, and bring the air which is to be 
heated in more immediate contact with the 
surface of the cockle previous to passing into 
the room through the aperture, c, at the top. 
By this arrangement a saving of spa^ is ef- 
fected, which is sometimes an object in small 
apartments. 

Another variety of these stoves is shewn in 
the horizontal and vertical sections^ figures 
3 and 4. The cockle instead of being cylin- 
drical, is made of a rectangular form, having 
the top plates or head meeting in a sort of 
groined arch. The fire-room and ash-pit is 
similar to those of fig. 1, but the smoke and 
hot air after passing upwards and warming 
the top and sides qf the cockle, is made to 
pass off into the chimney-flue, tlirough the 
narrow channel attached to the side opposite 
the fire, as seen at c, c, figures 3 and 4 ;.by. 
which means, it is presumed, less heat will be. 
lost than when the smoke is allowed to escape 
near the head of the cockle. The air is ^- 
mitted by three passages, at the base of the 
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stove, shewn at 6, 6, 6, fig. 3, and in order to 
prevent its escape into the room with too 
much rapidity, a few tiles or plates of iron are 
inserted in the brickwork, to retard its pas- 
sage until it shall have been heated by coming 
in immediate contact with the sides of the 
cockle, previous to its evolution into the room 
or building, through the flue a, fig. 4. > 

A fourth variety of these stoves is shewn in 
figures 5 and 6 of the same plate. The only 
essential difference of which from the preced- 
ing, consists in the numerous apertures by 
which the warm air is allowed to make its 
escape into the apartment. to be heated; and 
in having two passages for the smoke to esr 
cape into the chimney-flue, shewn at a, figures 
5 and 6. In fig. 6 part of the apertures are 
supposed to open into a lower apartment; 
whilst a kind of dome flue carries the warm 
air from the head of the stove into an upper 
apartment. 

The before-mentioned stoves are principally 
calculated for warming apartments or manu-. 
factories, to a moderate degree only, or for 
personal comfort. But as many kinds . o£ 
manufacture reqvjire. a considerable degree of 
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heat for the purpose of dryiag goods, such as 
calico printers^ dyers, printers, &c. a much 
greater heat is capable of being ^ven to a 
certain quantity of attnospheric air by the 
following arrangement, (See plate IX.) than 
in those varieties befwe described. 

Figures 1 and 2 represent front and side 
sections of this kind of stove. The cockle, or 
body of the stove, a^ is usually cast in one 
piece, with the exception of the cover, which 
is made to fit on close. The vase rests on the 
fire-bars, shewn in horizontal section in fig. 4, 
where the ash-hole with its door, d, is shewn, 
and also at dj fig. 2. The opening for the 
supply of fuel is shewn at the door, 6, fig. 2 ; 
'and the flue for carrying off the smoke at e, 
of the same figure. The passages in fig. 1^ 
h^ fr, Z>, 6, are for- admitting the air to be 
heated, after which operation it passes oflP 
into the room by the opening c, in the top ; 
or through the lateral openings, c, c, in fig. 4. 
Fig. 3 is a horizontal section of the ash-pit, 
tmd two air-flues. The brickwork is built of 
considerable thickness round the cockle of 
these stoves, in order to prevent the escape of 
heat in the immediate vicinity of the stove. 
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and of course more effectually economising 
the fuel ; as they are sometimes built in other 
apartments than that which is required to be 
heated. From the whole of the lower part of 
the cockle being the receptacle of the ignited 
fuel, it is obvious that its exterior will often be 
elevated to nearly the same temperature as the; 
inside; consequently, a current of air pass- 
ing over its exterior surface will become heated 
in a proportionable degree to the rapidity of 
its passage. 

This method of heating air is undoubtedly 
the most economical which has been hitherto 
devised in this country, as all the disposable 
heat given out by the fuel (with the exception 
of what is necessary to carry off the smoke) 
is absorbed by the air in its passage through 
the air-chamber of the stove. And, although 
this mode of heating air is not exactly suit- 
able for dwelling-houses or animal respiration, 
on account of the deterioration of the air by 
hot iron ; yet in many operations of the arts, 
as for drying corn and other natural produce, 
as well as in various manufactories, it affords 
a most convenient and economical method of 
disseminating heat. 

R 2 
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Another modification of this stove was in* 
vented by Mr. Strutt for bringing the air to 
be heated into a kind of focus^ and thus mak^ 
ing it come into closer contact with the fire- 
chamber. 

Fig. 5, (Plate IX.) represents the cockle as 
a dome resting on a bed of solid masonry, in 
order to prevent the escape of heat. The air 
is admitted through numerous openings round 
the base of the stove, at 6, 6, and after pass-^ 
ing over the surface of masonry, a, cr, comes 
in contact with the head of the cockle ; after 
which it escapes through numerous iron pipes 
into a main flue above the head of the stove 
as seen in fig. 5. Fig. 6, represents a very 
simple and economical stove on the principle 
of the lime-kiln. The body of the stove, a, 
may be constructed of masonry or brickwork ^ 
having an ash-hole and fire-bars ; the latter of 
which is made to draw out by the handle, d* 
The fuel is applied at the top, which is closed 
by an iron plate or fire-tile, c, like the com- 
mon air fiirnaces; the igmoke and hot air 
passing up the flue into a chimney-shaft, at 6. 

Notwithstanding the obvious advantages in* 
point of economy, from heating extensive cot** 
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ton mills or other manufactories, and warm- 
ing hopitals, prisons, or other. buildings where 
open fires would either be impracticable, ot 
unsafe, — by means of the cockle stove, under 
some of the arrangements before mentioned : 
the plan was not sufficiently made known to 
the public, nor its economical advantages 
pointed out, until it was mentioned by Mr. 
Buchannan in his " Essays on the Economy 
of Fuel, and Management of Heat ;'* published 
in 1815. Since which period, Mr. Sylvester 
in his very able work, " The Philosophy of 
Domestic Economy ,^^ has materially called 
the attention of the public to the great im- 
portance of the question, by shewing the be- 
neficial application of an extensive stove of 
this kind erected in the Derby Infirmary. 

As this stove and its appendages may be 
taken as a model for the construction of all 
others for similar situations, (allowing for the 
extent of the building) the following descrip- 
tion and plates, will, it is presumed, afford suf- 
ficient directions to the architect or builder 
employed in such work. 

It is necessary that the area on which a 
stove of the following description is to be 
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erected, should allow of a subterranean pas- 
sage being carried out and communicating 
with the external atmosphere, at some conve- 
nient distance from the building; In order 
to allow of producin[g a current of cool air for 
the purposes of ventilation in the summer sea- 
son, as well as for the supply of the stove for 
warming the air of the apartments in winter. 
The stove should also be erected as near the 
middle of the area of the building as conve- 
nient, and be placed from 6 to 12 feet below 
the floor, in order to preserve uniformity as 
much as possible in distributing the warm air 
through the edifice. 

A section of the stove erected at the Derby 
hospital, is shewn in Plate X, fig. 1 ; and a 
horizontal section of the same is seen in Plate 
XI, fig. 2. The cockle, a, (Plate X, fig. 1.) 
is made of a cubical form, with a dome, or 
rather groined arch top; about 3 feet dia- 
meter and 4 feet high ; and is made of plate 
or wrought iron rivetted together like the ordi- 
nary boilers of steam engines. The smoke 
passes off by a narrow passage at the base of 
the cockle (as in the stoves before mentioned) 
and through the flue, f, or as seen in the 
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horizontal section, fig. 1, Plate XL The 
brickwork surrounding the cockle, is built 
with alternate openings between the bricks 
(as represented in the side view^ fig. 2, Plate 
X.) at about 8 inches distant from the sides 
of the cockle. Through these apertures, pipes 
are inserted (which may be made either of 
sheet-iron or common porcelain-ware) so as to 
extend within an inch of the cockle ; (as 
shewn in the enlarged sections in Plate XII,) 
by which means, the air to be heated may be 
thrown near, or in immediate contact with 
the surface of the cockle if desirable. The 
horizontal partition represented at d, c?, fig. 1 
and 2, Plate Xj cuts off the communication 
between the lower and the upper portion of 
the air-chamber. The arched openings in 
the lower half at c, c, and in the section, fig. 
2, Plate XI, being the openings of the main 
air-flue leading from the exterior atmosphere. 
The fire-room and ash-pit, 6, 6, with their 
doors and fire-bars, are shewn in elevation, 
and horizontal, and vertical section, in figures 
1, 2, and 3, plate XIII, 

The inspection of the figures will shew that 
a quantity of air passing from the lower fliu\s. 
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c, c, through the apertures beneath the hori- 
zontal partition, and coming in immediate 
contact with the body of the stove, must find 
its way into the upper air-chamber, t^t. 
through the jaumerous apertures or pipes in 
the upper division, by which circuit its velo- 
city will be sufficiently retarded to obtain the 
necessary elevation of temperature from the 
heated cockle. 

. But in order that the air may not be in- 
jured for tiie purposes of respiration, the dze 
of the fire-^chamber in these stoves must be 
so regulated as not to heat the cockle or body 
of. the stove (at an average) above the tem- 
perature of 300 Fahrenheit. The Derby 
stove allows the passage of nearly five cubic 
feet of air per second, which is warmed to 
about 130** at the instant it escapes from the 
upper air-chamber into the pipes, leading to 
different parts of the building. These pipes 
or flues are provided with dampers to regulate 
the admission of warm air at pleasure, and are 
shewn in section at fig, 2, Plate X. 

Provided a stove of this construction is well 
built, and so managed as not to allow the warm- 
ed air to attain too great elevation of tempera- 
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ture, it is not only much more economical than 
any other method, for warming extensive build- 
ings, but it is equally salubrious with the more 
recent mode of employing steam pipes for 
this purpose. The principal disadvantage of 
the plan appears to be, that it would not be 
found economical on a small scale on account 
of the expence of erection ; nor could it be 
easily applied to an extensive building unless 
constracted in the first instance, or during the 
erection of the edifice. But as the air pas- 
sages of this kind of stove are placed several 
feet below the soil, it affords a convenient 
mode of admitting a portion of cold air to the 
interior of the building in the summer season, 
by means of a revolving mouth-piece, or head 
placed at the aperture of the air-passage, so as 
to receive the current of wind at the outer 
extremity of the passage, and thus convey it 
to the interior of the building. 

The great variety of hot air-stoves which 
are now manufactured and sold by the dif- 
ferent ironmongers, on the original principle of 
the Derby or Belper stove, it is not necessary 
to describe, after M^t has been already said 
as to the general principle of their construe- 
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tion. These stoves are at present adapted to 
every kind of building either on a large or 
small scale, but they are almost universally 
constructed of cast iron throughout, which 
(for the reasons before mentioned) is very 
objectionable with regard to the salubrity of 
such apartments. For it has been justly ob- 
served by Mr. Tredgold, that atmospheric air 
should never be heated beyond the tempera- 
ture of 212** or 250** when required for respi- 
ration. Therefore, the hot air which escapes 
into rooms from the surface of the fire-cham- 
ber of these stoves, being in many instances 
from 300 to 400 degrees, its salubrity will be 
impaired both by the want of sufficient mois- 
ture and by its oxygenous portion beingpartly 
absorbed by the surface of heated iron. — Part 
of the evil is avoided by encasing the fire 
with fire-brick or stone ; but the smell of burnt 
air is always perceptible, more or less, in stoves 
constructed of cast iron. 

With regard to the combustion of smoke, 
we have already shewn that it is imprac- 
ticable, by any of the arrangements hitherto 
adopted. These air-st(^s certainly afford 
the most elegant mode of carrying off the 
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smoke, whilst their ornamental appearance 
render them peculiarly adapted for halls, li- 
braries, shops, or other open apartments which 
admit, of free ventilation of the air to carry 
off the noxious effluvium. 



The only variety of stove which demands 
further notice, is that lately invented by the 
ingenious Mr. Jacob Perkins. — The object of 
this gentleman was that of more effectually 
economising fuel, and, as far as possible, con- 
suming the smoke. 

The fire-chamber of Mr. Perkins^ new stove 
nearly represents the lower part of a syphon, 
opening into an ash-pit beneath. The fuel 
is supplied from above, and the air admitted 
on the top of the fuel by a smaller aperture 
in the short leg of the syphon; by which 
means the smoke is driven back through the 
body of the fire, and becomes nearly con- 
sumed : after which, the vitiated and hot air 
.passes upwards through the main flue pipe, 
or laterally, if required for heating buildings 
on the ground floor, and thence into one of 
the chimney-flues of the building. 

The principal flue pipe is surrounded by 
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another flue, at an inch or more distant, for 
the purpose of allowing a current of air to 
flow between the two pipes ; after which the 
warm air is thrown out into any apartment 
where heat may be requisite, by means of 
branch pipes. The interior pipe is furnished 
with a grating to prevent th6 escape of shav- 
ings, or lighted paper from ascending through 
the flue. 

Perhaps, in point of economy, this arrange- 
ment of Mr. Perkins is superior to all other 
kinds of stoves ; for all the heat produced is 
rendered available, whilst nearly all the nui- 
sance of smoke from ordinary stoves is avoided. 
But as all the parts of this stove are con- 
structed either of cast or plate iron, it must 
have a great tendency to vitiate the air. for 
the purposes of respiration ; and is, therefore, 
not so well adapted for warming public or 
private buildings, where a considerable num- 
ber of persons reside, or assemble together 
occasionally, as theatres, chapels, hospitals, 
.&c. 



CHAPTER XX. 



HEATING BUILDINGS BY STEAM. 

This mode of warming apartments has not 
been in actual use above thirty years ; though 
more used at present in warming manufac- 
tories and cotton mills, than any other mode. 

Captain William Cook seems first to have 
suggested the idea, in the Philosophical Trans- 
actions for 1745 ; but as he gives no details 
of the manner of putting it into practice, it 
does not appear to have excited any attention 
for 46 years, or until 1791* 

Mr. Watt, indeed, had, in the winter, 1784 
and 1785, attempted to heat his usual sitting 
room by means of a tin plate box filled with 
steam ; but the effect was much less than he 
had calculated. Mr. Bolton had also made 
a similar trial in a room in his manufactory 
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at Soho, and had also heated a bath by 
steam. 

In 1791 5 however, Mr. Hoyle of Halifax 
took out a patent for heating green-houses, 
churches, &c. by an apparatus nearly similar 
to that described by Captain Cook ; though 
it does not appear that the patentee obtained 
much benefit from his patent. But the first 
practical application of steam to heat build- 
ings, is certainly that employed at Mr. Lee^s 
cotton mill at Manchester, about the end of 
the year 1799 ; since which time, the use of 
steam has been rapidly extended. 

There are certain advantages peculiar to 
the use of steam ; the principal of which is, 
the facility by which it can be extended to 
any number of rooms, although widely sepa^ 
rated from each other. 

The heat of steam-pipes does not alter the 
constitution of the air like air-stoves ; whilst 
the air used for ventilation is that of the at- 
mosphere on a level with the building. But 
in some kinds of air-stoves^ the air is fre- 
quently obliged to be dra*wn from below the 
surfiauce of the earth* 

But these advantages of steam heat are 

10 
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attended with some disadvantages. When a 
very considerable degree of ventilation is re- 
quired, the consumption of steam becomes 
great, and of course more expensive than 
heated air. The regular supply of steam also 
requires great attention. Therefore it is not 
advisable to employ it on a small scale, where 
it would not allow of a person being kept 
almost entirely employed in its superin tend- 
ance. For warming hospitals, prisons, work- 
houses, or other large public buildings, as 
well as extensive hot-houses or conservatories, 
it is not only most salubrious, but also eco- 
nomical. But it will seldom be found ad- 
visable to use steam in warming dwelhng- 
houses, unless th« establishment of servants 
is very numerous ; — for as the steam is to be 
supplied by a large mass of boiling water, the 
boiler in which this is to be heated of course 
claims attention in the first instance. 

The form of the boiler for furnishing steam 
is usually rectangular, the bottom curved with 
the concave side next the fire ; sometimes the 
sides are also curved, with the convex surface 
in like manner turned to the internal part of 
the boiler ; the top is usually a half cylinder, 
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from whence these boilers are called waggon- 
shaped boilers. The peculiar advantages of 
this form are, that the heat of the fire is ap- 
plied in an equal manner ; that the arched 
form of the bottom supports the pressure of 
the liquid better than a flat bottom ; and, 
lastly, that the earthy deposit from tHe water 
is thrown towards the sides, where, the boiler 
rests on the brickwork, and consequently 
where the heat being less, there is less like- 
lihood of forming a crust in the boiler. 

Some persons give the preference to a cy- 
lindrical form ; while others, considering that 
it is difficult to empty a cylindrical boiler on 
account of the flatness of its bottom, and the 
great liability to encrust the bottom, use a 
spherical form for the boiler. In this latter 
case due precaution must be taken, that no 
part of the boiler which is exposed to the fire 
be left uncovered with water, lest it should get 
injured by the fire. 

The form of the boiler appears, however, to 
be a matter of little consideration, when com- 
pared with that of its dimensions. 

The experiments of Count Rumford, (essay 
vi. chapter v.) are in favour of the boiler being 
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as large as possible. For in order to keep 
508 pounds of water boiling, the expenditure 
of fuel by the hour was something short of 
one-eighteenth part of the weight of the water ; 
whereas, in a smaller boiler, holding only 284 
pounds of water, the expenditure of fu^l was 
more than one-twelfth part of the weight of 
the water. 

Whatever size be adopted, it is always pru- 
dent to have two boilers placed close together, 
that in case of accident, or of any repairs 
being wanted, the heating of the building 
may not be suspended. 

Mr, Buchanan, who grounds all his calcu- 
lations respecting steam heat upon the space 
that is to be warmed, gives as a rule, that for 
every 2000 cubic feet of space, the boiler 
should contain one cubic foot at least, when 
a cotton mill or large edifice is to be warmed 
by the surplus power of a steam engine ; but 
when boilers are used only for heating rooms 
by steam, they ought to be considerably 
larger, since it is by no means proper to work 
a boiler to the utmost of its powers. 

Respecting the material of which the boiler 
should be made, and also its thickness — the 
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chi^f coDsid^ratipa is it^ cheapness, an4 tb^ 
ease with which the water contai^ed in it may 
be made to feel the influence of the fira* 

Cc^per and Iron are the substances uswally 
employed. But the greater cheapness pf the 
latter metal far overbalances its greater ten^ 
dency to bum out^ Consequently iron boilw» 

are the most usually employed. The eiq>eri- 
jqients of Count Rumford ^d Professor IL^eslie 
have shewn the decisive advantage of mmg 
^n boilers. Wrought bon plates rivetted to- 
gether are ;rK)w universally preferred to cast 
iron ; as boilers made of cast metal mpsit id 
necessity be made considerably thicl^ej than 
those of plate iron. 

• It is also necesi^ary to make sono^ proyision 
4n a boiler adapted for heating bnildings by 
^team, (as well a^ in the larger class of steam 
engines) tP make it feed or supply itsielf with 
water. 

There are two methods of eating this 
object. In the first method a pipe is laid 
Irom a cistern, which ought to be placed so 
that the surface of the water in the ciystero 
inay be about two feet and ^n half above the 
surface of the water in the l^iler,^ when JlWd 
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to the proper height; for every pound of 
pressure to the inch above the pressure of the 
atmosphere; which ought by no means to 
exceed four pounds to the inch ; as a greater 
pressure will only occasion an increased risk 
of explosion, expence, and waste of fuel. In- 
deed, the most usual pressure is that used by 
Messrs. Boulton and Watt in their st^on en- 
gines, of two pounds and an half to the inch. 

The pipe is to be conducted through an air^ 
tight opening in the top of the boiler, to near 
the bottom of it, with the end sHghtly turn* 
ing up to prevent steam from passing up the 
pipe. A cock is soldered in that part of the 
pipe outside the boiler, with two arms ex- 
tended from it ; to one of these arms is fixed 
an iron rod, which passes through an air* 
tight stufHng box in the top of the boiler, and 
has a float annexed to it : the other arm of the 
cock has a weight suspended to it so as to 
balance the weight of the float, and the fric- 
tion of the stuffing box. 

Now when the evaporation of the water 
into steam lowers the surfece of that in the 
boiler, the float on its surface descends, and 
this acting on the arm of the cock connected 

s 2 
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with it, the cock opens and allows water to 
flow from the cistern into the boiler, until the 
float rising to the proper height, moves the 
cock the contrary way, and thus shuts it. 

The second mode of feeding differs only 
from this by the substitution of a valve in the 
pipe instead of a cock. In both cases it is 
usual to add another pipe below the cock or 
valve, and which rises just above the level of 
the water in the cistern, where its end turns 
downwards. The use of this pipe is two-fold, 
for should a vacuum be formed in the boiler 
by any sudden condensation of the steam, the 
atmospheric air would enter by this pipe ; or 
if any stoppage takes place in the steam pipes, 
then the pressure of the steam in the boiler 
b^ing of course increased, will cause the hot 
water to be blown out through this pipe into 
the cistern :* so that it acts also as a safety 
pipe. 

At the first filling of the boiler, the cock or 

valve in the feeding pipe is kept open until the 

water rises sufficiently high to support the 

float, and allow it to act. 

. As the immense strength of confined steam 

obliges those who employ it to use every pre- 
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caution against accidents, it is usual not tb 
trust entirely to the self-acting powers, of the 
float, but to have two pipes passing horizon- 
tally through the side of the boiler, the one a 
little below the intended height of the water 
standing in it, the other a little above it. 
Both these pipes have a cock fixed to thenii 
At the first filling of the boiler, the lower cock 
is left open until the water begins to run out 
at it, which shews the water to have attained 
nearly the proper height. And it will be 
proper, during the working of the boiler^ to 
open these cocks frequently, to be certain that 
the float and feeding apparatus is in proper 
order ; for in this case the lower gauge cock 
should give out water, and the upper cock 
should give out steam. 

Instead of these gauge pipes being placed 
quite close together, the lower pipe sometimes 
opens into the boiler at a lower level, some 
inches below the intended height of the 
water, and instead of a cock to be opened 
being fixed in each, their outward ends are 
connected by a glass tube, such as is used to 
make barometers : and as the - water will 
stand at the same height in this tube as in 
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the boiler, the height will be immediatelj 
visible. 

This method of exhibiting the height of the 
water in the boiler, may be turned occasion*'' 
ally to advantage, by enabling the proprietor 
to form a judgment of the relative value of 
difierent substances used for fueL For if the 
self-action of the feeding apparatus is stopped 
for an hour^ and the depth of water evapo^ 
rated during that time be measured by ofo» 
serving the difference of the heights, as shewn 
in this glass tube i this, evaporation^ compared 
with ^ consumption of fuel, wiU affoifd tibie 
relative value of die iinek 

In respect to the depth of water that ought 
to be kept coaistantly in the boiler, it der 
pends much on the use to which the steaiBi 
heat 13 to be applied. When the heat is wily 
wanted in the daj^^tmie,. and that perhaps but 
for a few hours,^ no more water tieed be kept 
m the boiler than is sufficient to prev^tit a 
want of water, in caae of the fire being acci- 
dentally neglected. For if the boiler be filled 
to % great depth, much fuel would be waated 
in heating the water to the boiling point, and 
consequently it would be a long time before 
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the steam would be sufficiently strong to fill 
the pipes. 

But when steam is applied to heat hot- 
houses or conservatories; in which it is ne- 
cessary that the heat should be continued by 
night as well as by day, and constant attend- 
ance cannot be given daring the whole of the 
night ; tiben a good depth of water should be 
kept in the boiler, that the great mass may 
retain the heat, and keep the steam pipes full 
in case of any neglect. 

As too much precaution cannot be used, 
against accidents by explosion; the use of 
steam gauges and safety valves ought never to 
be neglected. 

The steam gauge is simply a bent iron pipe 
communicating with the boiler, and open at 
the upper end. A small quantity of quick-* 
silver is poured into the bend of tiie pipe, and 
this by the power of the steam is forced up 
the open leg of this inverted syphon. A float 
with a deal rod marked w ith inches and parts^ 
which rests on the surfew^e of the quicksilver 
shews by its rise the power of the steam. 

On account of the great specific gravity 
of mercury, = 13.6 to 1 (water), each inch of^ 
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elevation corresponds with a pressure of ^thk 
of a pound to the inch ; or 2 inches ^ths of 
the gauge equals the pressure of a pound to 
the inch of the valve. Hence the inspection 
of this gauge shews at all times the strength 
of the steam, and if no more quicksilver is 
poured into the bend than would suffice to 
exhibit by its rise the intended pressure at 
which the steam is to be worked, then the 
blowing out of the quicksilver will shew that 
the intended pressure is exceeded and the pipe 
will come in aid of the other apparatus, by 
which the safety of the boiler is secured. 

The valves (to which the specific appella- 
tion of safety valves are applied) are of two* 
sorts, namely, those intended to prevent the 
explosion of the boiler or pipes through 
any accidental stoppage of the free passage 
of the steam, and those intended to pre- 
vent the collapsing of the sides of the boiler 
or pipes, in case of sudden condensation of 
the steam. 

The safety Valve against explosion is merely 
a cylindrical cast iron box, containing a valve 
resting on a seat which is generally made do- 
nical* The valve is loaded in proportion to 
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the size of the hole and the pressure at which 
the steam is to be worked. 

The safety valve against collapse is merely 
a circular hole made in any convenient part 
of the top of the boiler, which is stopped in- 
wardly by a valve, balanced against the hole, 
by a weight at the end of a lever. Hence if 
any sudden condensation of steam takes place, 
the pressure of the atmosphere on the hole 
forces down the valve, and admits the en- 
trance of the air to supply the place of the 
steam. In large boilers it is necessary to have 
a hole of sufficient size to admit the occasional 
entrance of a workman into their interior* 
This man-hole as it is termed is closed by a 
plate of metal, screwed down to the boiler ; 
the hole being only opened when it is neces- 
sary ta examine or clean the boiler. 

Mr. Tredgold, who has bestowed much at- 
tention on the tenacity of metals, has, with 
the usual partiality that most men betray for 
a favourite object, proposed not only to use 
this tenacity as a steam gauge ; but also onf 
the same principle to convert the man-hole of 
a boiler into a safety valve. 

This object he would effect by causing the 
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cover to be pressed down upon the man*hole 
by a cast iron bar, wedged in two standard 
loops on the opening, and acting on ^ fulcrum 
placed in the center of the cover. The size 
of the bar to be so adjusted as to break wheii^ 
ever the pressure of th^ steam exceeded the 
intended force. His rule for this adjustm^Qt 
in the ca3e of the man^hole being circular is^ 
that the cube root of the intended pressure of 
steam calculated by pounds on the inch, beii^ 
multiplied by the 34th part of dae inches of 
the diameter^ will give the side of a square bar 
in inches* 

When the number of c<mtrivances to pre-» 
vent explosion already enumerated are condi* 
dered, namely, the additional pipe to tha 
feeding apparatus, the steam gauge, and the 
proper safety valve, it does not seem necessary 
to have recourse to this mode of fitting up the 
man-hole, more especially in boilers which are 
used only to furnish steam for warming rooms^ 
as the passage to the pipes ought never to be 
entirely stopped* 

There is, however > a different sort of safety 
apparatus that remains to be noticed, to guard 
against danger of another kind> that of bum- 
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ing the bottom of the boiler from a want of 
water, in consequence of some defective action 
of the feeding apparatus. 

For this purpose a pipe is affixed to the 
boiler of about two inches and an half in dia- 
meter, open at both ends, and of sufficient 
length to reach from below the proper level 
of the water in the boiler to a height above it 
equal to rather more than equivalent to the 
intended pressure at which the steam is to bq 
distributed, according to the proportion of 2 
feet i^ths in height for each pound of pressure 
to the inch. The upper end of the pipe is 
made like that of an organ pipe, or else it 
opens into a hollow globe. Should any acci- 
dent prevent the due action of the feeding 
apparatus, and the water by evaporation be 
wasted below its proper level ; as soon as it 
fall down below the lower orifice of this alarm 
pipe, the steam would rush through the pipe 
and from the conformation of its upper extre- 
mity make a noise that would alarm the neigh- 
bourhood, and the want of water could not 
escape notice, and full time would be allowed 
to remedy it before there would be any dan- 
ger of the bottom of the boiler being injured. 

12 



CHAPTER XXI. 



SUSPENSION OF STEAM BOILERS, &c. 

The $uspension of the boiler, and construc- 
tion of the fire-room, is the next considera-^ 
tion ; and on this point various plans have 

been followed by different engineers. 

In fixing the ordinary boilers the grate is 
placed about fifteen inches below the bottom, 
in order to allow sufficient space for the depth 
of fuel. The area must be proportioned to 
the quantity of fuel intended to be burnt in 
every hour. For Newcastle coal to burn a 
bushel by the hour, the grate it is calculated 
should have 8 square feet of surface ; and so in 
proportion for the consumption of more or less 
fuel. 

The grate is best formed of loose bars rest- 
ing on cross bearing bars of sufficient strength, 
in order that they may be easily taken out^ 
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and renewed when necessary. The bars should 
be from one inch to an inch and a half thick,, 
and from 2 to 3 inches deep, according to the 
size of the grate ; and made rather narrower 
at bottom than at top. 

It is advisable to have two small fire- 
chambers in preference to one large one for 
heating boilers of any magnitude. It not 
only disperses the heat more uniformly over 
the bottom of the boiler, but it prevents the 
coal from being vitrified by the intense heat 
which is often produced in large furnaces,, 
where there is a powerful draught. The vi- 
trification of the coke is productive both of 
waste of fuel and additional trouble, with a 
certain loss of heat in raking out these clinkers 
as they become attached to the fire-bars. Too 
high a degree of heat is also very destructive 
to the bars ; which ought never to be higher 
than a full red or low red heat. At a white 
heat the iron and coal manifests a strong ten- 
dency to unite, and form the slag, clinker, or 
carburet of iron. 

Many different statements have been made 
of the quantity of coal necessary to feed the 
fire. Mr. Buchanan, in his Treatise on the 
Economy of Fuel, adopts the rule of Messrs. 
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Boulton and Watt, and considers 14 pounds 
of Newcastle coal by tlie hour necessary for 
every 25 cubic feet of the ccmtent of the 
boiler; with the reservation that in general a 
large allowance ought to be made for defects 
in the furnace, and the inattention of servants. 

Mr. Tredgold, in his Principles, envelope 
his rules in abstruse combinations, althou^ 
after all, they afford only rough estimates. Aa 
the different qualities of coal, slight vaiiati^M 
in hanging the boiler, or in the height und 
area of the chimney, and different degreei^ 
of care and attention on the part of tikef 
stokers, will produce very great vanatioos in 
the quantity ci fuel consumed. 

With regard to the quantity of sur&ce of 
east iron pipe necessary to heat a given area, 
Mr. Tredgold gives us the fdlowing e$ti« 
mate : — if the constant numb» 3l60 be di- 
vided by the difference between the tempera^ 
ture, T, of the surface of the steam pipe, and 
the intended temperature, *, of the room ; the 
quotient will give the surface, «, of steam pip^ 
that will be required ; allowing the qi^ntity 
of fuel per hour that would bring a cubic foot 
of water at the mean temperature, to the boil-- 
ifig point. Now this effect is producible by 1- 
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pound Yo^hs of Newcastle coal ; consequently 
each bushel, or 84 pounds of coal will supply 
heat to 70 times this surface ; on the supposi- 
tion that the condensed water is returned into 
the boiler. But if the disposition of the steam 
pipes is such, that the water is not returned 
into the boiler, then about one twelfth part of 
the heat will be lost. 

Notwithstanding the apparent accuracy of 
these calculations, there still remains an in* 
definite allowance of fuel to be made for loss 
of heat at the boiler, which, in small boilers, 
is very considerable. 

It is most usual to make the heated air and 
smoke pass round the bottom of the boiler in 
a small channel for that purpose, and in some 
cases this channel passes through the boiler, 
and from thence into the chimney : but this 
eonstruction is by no means so advantageous 
as it is usually supposed ; for the velocity ac* 
quired by narrowing the passages, only tends 
to prevent the heated air and vapours from 
parting freely with their heat. 

It is always advisable to place a damper at 
the chimney-vent, to move either horizontally 
or vertically. This damper should, in all 
eases, have marks, that the stoker may be 
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enabled to judge of the opening into the flue 
of the chimney. 

- To explain this important subject still 
further, some examples, extracted from the 
works and patents of those who have studied 
the subject with the greatest attention, are 
here added, and illustriated with the follow-? 
ing engravings. i 

The XlVth Plate exhibits the manner adopt- 
ed by Count Rumford, for setting boilers. The 
particular purpose for which this boiler was^ 
intended, was the process of brewing; but the 
principle being simply that of boiling a large 
quantity of water in a short time, the mbdie 
of getting is equally applicable to boilers in- 
tended to produce steam for heating buildings.; 

The ash-room is small, as shewn at a, fig, 
1, and a, 5 ; it is capable of being closed with 
an iron door, furnished with a circular regis- 
ter, (see Jig. 6J9 to regulate the admission of 
^-ir to the fire. The upper part of the ash- 
room has a contraction just under the grate, 
which Count Rumford conceived had a con- 
siderable effect in augmenting the heat of the 
fire. The fire-bed is formed of a concave 
porcelain basin pierced with holes, in order ta 
sustain the heat more effectually than iroot 




SUSPENSION OF STEAM BOILERS. 273 

bars. The fire-room is large, and the back, 
as maybe seen in fig. 1, slopes gradually from 
the grate to near the back of the boiler ; but 
the sides are carried up almost vertical, as 
shewn in fig. 5, to allow room for the side 
flues under the bottom of the boiler. The 
feeding-hole is a little above the grate, and 
has a short dead plate, slightly sloping to- 
wards the back. It is closed by two doors, 
one within the other, as shewn in fig. 1. The 
brickwork on each side of the ash and fire- 
rooms, fig. 5, h, b, is worked hollow ; as is 
also the back of the fiiraace, behind the ash 
and fire-rooms, as shewn in fig. 1, b. These 
hollow spaces are economical, and they add to 
the durability of the furnace by preventing its 
unequal expansion. 

The flues proceeding from die fire-cham- 
ber are represented in the horizontal section 
fig. 3; being divided to the right and left by 
the middle, partition b, at the back, and ha\- 
ing reached the front of the boiler again, carry 
off the smoke and hot air at the back by the 
flues c, c. Fig. 4 is another modification of 
the flues at the back of the boiler, in order 
to retard the escape of the smoke and hot air 
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Ji3l it should give out all its available heat ; but 
Count Rumford found the more simple ar-* 
rmigement of fig. 3 the most advantageous 
in practice. Fig. 2 is a half section of fig. 4^ 
^WQ vertically. 

. The boiler erected at Munich by Count 
Rumford was 11 feet 6 inches long, 9 feet 7 
inches | wide, and 2 feet deep. The middle 
^ue over the fire wa&44 inchea wide, one side 
fiue 20 f and the other 19 inches wide ; aU 
were 14 inches \ deep ; the narrow channels 
to carry the heated air to the chiixiney werife 
7 inches wide, and 16 deep ; the circuit of 
the. flame ^nd air under the .bottom of the 
boiler, was, of course, about 30 feet, before it 
passed into the chimney. 

In the original construction, with the side 
flue round the edge of the bottom, 1204 wine 
gallons of water (being the first morning boil) 
was heated in four hours four minutes, with 
the consumption of 575 Bavarian pounds of 
dried pine-wood. The boiler being then 
emptied, and filled again with water, the 
second boiling required two hours and twenty- 
six minutes, and consumed 550 pounds of 
wood; the third boiling wa« of 1685 wine 
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gallong of water ; it took three hours seven 
minates, and consumed 650 pounds of wood* 

In the altered manner^ ivithout the cireu^ 
lation of the heated air^ &c. round the edge 
of the boiler, 1685 wine gallons of water were 
boiled in two hour^ fifty-^nine minutes. 

The figures in Pkte XV. exhibit anotb*:? 
tisode of letting boilefBi l^he ash-iroom e^-^ 
pa^idi^ from the bottom upwards toward;^ th^ 
fife-bar* ; after which the fii*e-rodm eontraetgi 
as shewn in the ride and front sections a^ h^ 
figures 1 afid 2» It is supposed that thi* 
figure eoneentrates the heat more effectually 
towaa'ds the middle flue^ a^ fig* 3, under tfe* 
bottom of the boiler, and thu^ increases its 
intensity. But it will obviously tend to de-- 
sf roy that part of the bottom faster than th* 
di visions resting on the Side flues. The mdst 
eoonomical arrangement v^ doubtless that 
which dispersei^ the hettt riiost uniformly over 
the whole surface of the boiler. In this ar**- 
rangement the ash and fire-room project for- 
ward a little from the front of the boiler^ in 
order to allow the coal to be introduced by 
means of a hopper, c, fig. 1, or h, fig. 3. 

This hopper is formed of cast-iron ; its bot- 

t2 
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torn turns on hinges in the front, and may be 
moved by means of a lever attached to it : the 
top is also furnished with a lid moving on 
hinges in the back. When coal is to be added, 
the lid is turned up, and the fuel put in, the 
bottom being kept in its place, either by a 
counter weight at the end of the lever, or by 
some other contrivance. The lid is thien shut 
down to prevent the entrance of air with the 
coal, and the bottom is opened, that the coal 
may fall on the dead plate before the fire. By 
this. means the gases yielded by the raw coal 
are burned and converted into flame in their 
passage through the already ignited coal, and 
with a view of securing this, the lid of the 
hopper may be kept raised a little, as expe- 
rience may point out, to supply a small cur- 
rent of air to maintain this combustion. The 
stoking-door rf, fig. 1, is opened before each 
fresh charge of coal, to push the coal on the 
dead plate upon the grate, and thus make 
room for the new charge. 

The disposition of the flues under the bot- 
tom of the boiler, as exhibited in fig. 3, are 
exactly similar to those already described. 
These fl^ues terminate in the back of the fur- 
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nace, at c, fig. 3, from whence the heated air 
and smoke is carried to the chimney. 

The unequal expansion of the masonry is 
guarded against, partly by the empty spaces, 
a and 6, fig. 4, left on the sides of the fire- 
room, and partly by the hollow arch, jf, fig. 1., 
left behind the fire-room. A space is also left 
between the lower part of the boiler, and the 
wall to keep in the heat. 

The fifth and sixth figures of the same plate 
are to shew the form of a boiler devised by 
Mr. Curaudau, for the purpose of concen- 
trating the force of the fire to a single spot in 
the center of the bottom of the boiler, and 
forming this bottom concave, to the end that 
the retardation given to the current of heated 
air, by obliging it to descend, may cause it to 
give out more of its heat to the boiler than if 
it were rapidly circulated horizontally under 
the bottom. 

The ash-room and grating are on the com- 
mon construction ; the latter is placed under 
the center of the boiler, and therefore a re- 
cess is made in the wall that the stoker may 
get to the fire. The sides of the fire-room 
are made to converge as they ascend, so that 
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the flame and air passes throijgh a n^novr 
throat into the space left under the lower part 
ef the boiler ; from whenqe it is carried off by 
the chimney. 

This form of the bottom of the boiler has a 
considerable advantage in respect to the paving 
of fuel ; but it^ construotion is attended with 
some dif&culty, and the whole force of the fire 
being directed to a single point, this part is 
apt to get burned, and want repairs. 



CHAPTER XXII. 



CONSTRUCTION OF FURNACES. 



Figures 1 and 2, Plate XVI. represents 
another mode of constructing furnaces, so as 
to make the fuel give out the greater part 
df its heat to the bottom and body of the 
boiler. A fire brick or tile, o, extends across 
the bottom of the boiler about midway of the 
depth of the fire-room, and the back of the 
fire-bars have also a projecting e<lge, 6, in 
Ord^r to deflect the current of the flame to th6 
bottom of the boiliet ; after which it passes oil 
to the back of the boikr, and enters two iron 
flues which pass through the boiler, as shewh 
at a, a, fig. 2 ; from whence it again returns 
through the side Rues 6, 6, into the chimney- 
flue c, shewn in fig. 1 . 
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This plan of extending the length of the 
flues as much as possible, in immediate con- 
tact with both the exterior and interior of the 
boiler has been adopted by Mr. James Neville 
in his recent patent for an improved steam en- 
gine and furnace. The steam engine (though 
the most economical and simple in its ope- 
ration which we have hitherto seen) is not 
within the province of our subject to describe. 
The mode of economising fuel and consuming 
the smoke is however at once simple and 
effective. 

The fire-room, which extends the whole 
breadth of the bottom of the boiler, is divided 
in the middle by a partition of fire-brick from 
front to back, with the exception of a small 
passage or communication near the back^ 
which may be closed at pleasure by a 
damper. The double fire-chamber has two 
separate doors for the reception of fuel in the 
usual way; and a common draught or ash- 
hole beneath ; with additional draught-holes 
in front, if necessary, in order to increase ihe\ 
current of air. 

Supposing the fire to be lighted in each 
compartment of the fire-room, and fresh coals 
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are thrown on the right-hand fire; the pas- 
sage on that side into the main chimney- 
flues being closed by a damper, the smoke is 
obliged to pass over the whole surface of the 
live coal in the left chamber, by which means, 
nearly, if not the whole of the visible part of 
the smoke is consumed. On charging the 
left hand fire-place with fuel, the reverse 
opening and closing of the dampers is, of 
course, required. 

The consumption of the smoke in this man- 
ner not only obviates the nuisance to the 
neighbourhood from the disengagement of 
dense smoke, but it enables the flues to be 
extended to a greater length in contact with 
the boiler, in consequence of their being less 
liable to be choaked up with soot. 

Another arrangement, and perhaps the best 
(in all respects) which has been devised for 
consuming the smoke in steam boiler furnaces, 
is that of Mr. Geo. Chapman of Whitby ; an 
account of which is given in the last volume of 
the Transactions of the Society of Arts, &c. 
from whence the following account is an ab- 
stract in Mr. Chapman^s own words. 

" To heat the air before its admission into. 
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tfa« furnace. Hiis I do by casting the grate- 
bars hollow from end ta end, so that they 
form a series of parallel tubes, which open 
into two boxes, one placed in front, and the' 
other behind the grate. In the front boic, 
directly underneath the fire-door, I make ^ 
register to open and shut, to any extent, ^ 
pleasure. The other end I connect with the 
brick work directly under the fire-bridge, 
which fire-bridge I make double^ with a dmall 
interval between, say one inch ; the interval 
to go across the furnace from side to side, and 
rather to incline forward, or towards the fire- 
door, so as to meet and reverberate the smoke 
on to the ignited fuel in the grate, which causes 
it to mflame and become a sheet of bright fire 
under the bottom of the boiler. 

" From what I have said it will appear, that 
if the front register is open, or partially sOy 
there will be a great draught of air through ity 
along the interior of the grate-»bars, thence 
into the flue of the fire-bridge, and out of the 
orifice at top, which aar will be heated in its 
passage through the bars, before it comes in 
contact with the smoke, when it will give out 
its oxygen, and cause it to ii^ame* 
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^^ Such was my view of this part of the 
subject in theory, and I have found it to suc- 
ceed in practice, in a small engine of my own. 
But a further improvement was necessary to 
make it quite perfect. There are few peoplcj 
who are aware of the extent of the mischief 
arising from the old method of charging a 
grate by the front door. Now, in my engine, 
(which is only two-horse power), I calculated 
that every time the fire-door was opened to^ 
stir the fire and replenish the fuel, there could 
not be less than from forty^-five to fifty cubic 
feet bf cold atmospherical air admitted iiito 
the furnace, which so cooled the heated gases, 
&c. that, however complete the plan was in 
c^ifer respects, the smoke could not possibly 
inflame, from being so cooled, till a consider- 
able time after the fire-door was shut. 

" To obviate this I have adopted a cast-iron^ 
hopper above the fire-door, with a type at the 
bottom that has two pivots at one side and 
opens at the other ; one pivot goes through 
the end of the hopper, and has a counter lever 
to keep the type shut when a sufficient quan- 
tity of coal for a charge is on it. The top of 
the hopper is covered with a lid which I shut 

11 
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down during the time of firing, then, by lifting 
the lever which opens the type inside, the 
coals slide down on to the fore end of the 
grate bars, which is only the work of a mo- 
ment. It is evident that no quantity of cold 
air can thus get into the furnace ; in fact, it 
is not possible for any person that does not 
see the operation of firing, to know when fresh 
fuel is added by looking at the top of thq 
chimney. The smoke that issues is never more 
than a light grey, just perceptible, but in a 
general way, is not seen at all. 

" The coals last admitted, after lying a 
short time at the front of the more ignited 
fuel, become partially coked, and just before 
I admit a fresh supply, I push the last charge 
further along the grate, by a tool made for 
the purpose, which remains constantly in the 
furnace. It consists of a plate of iron about 
four inches broad ; its length goes across the; 
grate with a round bar of iron rivetted into its 
centre, at right angles, to form a handle,, 
which comes through a hole made in the bot- 
tom of the fire-door, and is long enough for a. 
man to use with both hands, so that he can 
either push from, or pull towards him, to. 
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manage the fire within, without opening the 
fire-door, except when the grate wants clean- 
ing, &c. &c. For better knowing when the 
fire wants stirring, or replenishing, I have a 
hole, about an inch in diameter, in the fire- 
door, to look through, covered by a piece of 
iron which hangs by a rivet above. 

" After I have used the above instrument, 
I pull it up close to the fire-door, where it re- 
mains till it is again wanted ; and the coals, 
when let into the fire, fall down beyond it. 

" The above-written account constitutes 
the whole of my improvements as far as is 
required by the Society, but not the whole 
of the advantages gained by my invention. 
For instance, the durability of the grate-bars 
by the admission of air through them. I may 
add, that I examined my own yesterday, and 
I do not find them any worse, although they 
have been in use four months. In conclusion, 
I beg leave to refer you to the accompanying 
certificates by gentlemen who have had an 
opportunity of personally viewing my improve- 
ment, and who, I flatter myself, are all people 
of the first respectability.'* 

The latter part of Mr. Chapman's inven- 
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tion, respecting the hopper Mid Inode of 8Up«« 
plying fuel, the reader will perceive is only a 
alight modification of the methods previously 
in use; and shewn in Plate XV. But the 
iBode of supplying a current of hot air by 
tneansof the hollow bars and boxes is rev}? 
ingenious, and no doubt, more elective in 
de-carbonising or consuming the smoke, than 
any other plan which has been hitherto pKH 
posed. 

Mr. Chapman tmly remarks, that it is ttm 
reduction of temperature which principally 
occasions the evolution of a dense smoke, on 
charging a boiler fire with fresh coals, in the 
ordinary way. Could the charge of coals be 
heated in a confined chamber or hopper to a 
temperature of about 60O*, previous to theit 
being thrown on the fire, perhaps the escape 
of smoke would be nearly if not quite invi- 
sible from the chimney^-flues, whilst another 
advantage results in point of economy, from 
the arrangement of Mr. Chapman — that of 
preventing the reduction of temperature be- 
neath the boiler ; and consequently keeping 
up the constant production of steam. 

Plate XVI. fig. 3, delineates the section of 
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a furnace which varies in some degree from 
the before mentioned. The coal is intro- 
duced by a hopper over the front of the fire, 
through a grating which prevents the pas- 
sage of large coal. The air is admitted to 
the fire, not through an ash-room and grate, 
hut through curved bars in the front of the 
fire, the same as in an ordinary stove grate. 
The burning coal is pushed backward by the 
stoker along a brick hearth under the bottom 
of the boiler, until its combustible matter 
being exhausted, the coal reduced to cinders 
falls into a pit in the back of the furnace, from 
whence they are taken out by a side door, not 
seen in the section. 

The air that has passed through the burn- 
ing coal is conducted by a flue in the back of 
the furnace into another which passes length- 
wise from the back to the front of the boiler, 
o, a, as in the figures 1 and 2. 

Fig. 4, Plate XVI, is another variety in the 
common mode of setting boilers. The grate 
is^ level, and brought forward to the front of 
the boiler. A bridge at at, fig. 4, admits the 
passage of the flame, smoke and heated air 
into the flue, while another bridge, b^ forces 
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the flame, &c. to turn downwards, for a^ few 
inches and then to rise up and pass along the 
bottom of the boiler, to the back, where the 
flue ascends and is continued horizontally 
round the boiler to the back again, and from 
thence into the flue of the chimney. 

At the commencement of the smoke-flue, 
that is to say where the two bridges obliges 
the smoke, &c. to turn down, openings are 
made in the back wall of the ash-room, and 
fire-room to admit a supply of air to the 
heated vapours, and finish the combustion of 
whatever matters might be carried off* un- 
bumt, for want of a sufficient supply of air. 

The outer flue, c, is only necessary when a 
boiler is made to evaporate brine, sugar, or 
other liquids for preparing them for crystalli- 
zation. In this case a wide steam-pipe from 
the back of the boiler is placed between the 
boiler and a flue of this kind, and an opening 
being left in the front part of the boiler, then 
the fire being lighted, and the brine or other 
liquid brought to boil, a current of air will 
pass along the surface of the liquid in the 
boiler, and pass down this flue and along the 
bottom of the furnace to the ash-pit, and 
carry the steam along with it. 
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This current of air not only promotes the 
evaporation, but it also carries off the steam 
and passes it through the fire and up the 
chimney into the open atmosphere. 

An ingenious method of condensing the 
greater part of the smoke or noxious vapour 
from furnaces has been recently proposed by 
Mr. JefFery of Bristol ; and, in the process of 
.smelting ores, or in metallic furnaces, it is 
likely to prove a valuable improvement. 

The flue which proceeds immediately from 
the fire-chaniber ascends to a certain height 
in a vertical direction, and then passes hori- 
zontally a short distance, when it is made to 
descend nearly parallel with the ascending 
branch, and having its extremity opening near 
the surface of the ground. 

Over the top of the descending flue a cis- 
tern of water is fixed, the bottom of which 
is , perforated with holes, by which means a 
shower of water may be kept running at plea- 
sure, while the furnace is in operation. This 
shower of water not only condenses the 
greater part of the smoke and noxious va- 
pours, which are carried off in the form of 
.black water, at the lower end of the flue ; but 

u 
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the passage of the water also serves to increase 
the draught of the chimney in a very consider- 
able degree. 

Mr. Watt, in 1785, took out a patent for 
the construction of fiimaces which are some- 
what different from any of those delineated 
in the preceding plates, the principal draught 
through the fire being from above. 

The front and side section of Mr. Watt's 
furnace is shewn in figures 1 and 2, Plate 
XVII. Tlie ash-hole, a, is only for the pur- 
pose of drawing out the ashes, it is made 
Toiuch smaller than usual, and is kept closely 
stopped, to prevent any false draught of air 
through it. 

Instead of a grate, an arch of fire-brick is 
thrown across the furnace at 6, just over the 
Bsh-hole door, to support the coal : this arch 
goes only so far into the ash-room as a little 
beyond the back wall of the hopper, from the 
back of which another arch, rf, is thrown 
across the back of the fire-room, and a large 
portion of the ash-room. 

On a level with the top of the arch thrown 
across the ash-room door, there are two nar- 
row «lits, 6, by fig. 4, left/ in the front wall. 
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The use of these openings is to admit a slight 
current of air horizontally into the mass of 
burning fuel, for the purpose of consuming 
the smoke. 

The mouth of the hopper-shaped fire-room 
which contains the coal is shewn at c, fig. 1, 
a transverse section of it in fig. 2, and a hori-? 
zontal section in fig. 3. Even with the mouth 
of the hopper, another ^mall opening is made 
in the front of the furnace, the front view of 
which appears at c, in fig. 2. This opening 
is for the same purpose of admitting a further 
current of fresh air, to strike against the flame 
as it passes over the bridge, and proceed^ 
under the bottom of the boiler from a flue, 
which carries it round the lower part of th^ 
boiler, and from thence into the chimney. 

The same inventor describes, in his patent^ 
another furnace, delineated in the fifth figure 
of the same plate. This furnace has two fire- 
places, one behind the other, the backs of 
which open one into the other. Both the 
furnaces are of the common construction, an4 
differ only in their size. The front and largest 
sized fire-place, a. fig. 5, has its grate nearly 
under the center of the boiler. 

u 2 
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The small fire-place behind, i, is to make a 
fire of cinders or coke, for the purpose of 
burning the smoke of the larger fire of the 
front grate, as it passes over this clear fire, 
which being but thinly spread with fuel allows 
the passage of more air than is necessary for 
its combustion. 

As the smoke heated air and steam formed 
from the combustion of the hydrogen in the 
fuel, ought not to be suffered to escape from 
the boiler at a less temperature than that of 
boiling water, the heat thus carried off is 
sometimes applied to use, before they are suf- 
fered to enter the flue of the chimney. 

For this purpose some have made the com- 
munication between the furnace of the boiler 
and the chimney, by an iron pipe carried 
through a cistern of water ; by this means the 
water was not only warmed but the quantity 
of smoke reduced; and the warm water used 
to feed the boiler. 

The principal desideratum in hanging 
boilers where steady heat of no great intensity 
is wanted, is to give a proper proportion to the 
area of the flue and height of the chimney. 
The usual practice has been to build the chim*^ 
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ney as high as circumstances would allow; 
yet unless this is accompanied with a certain 
area of the flue, the height may be prejudi- 
cial. 

Dr. Macquer first observed this in his ex- 
periments upon the fusion of certain stones, as 
related in the Memoires de Y Academic Royale 
des Sciences for 1767. Since which period 
a great variety of experiments have been 
made by practical men for the purpose of 
arriving at some certain data in building 
furnaces. It appears, however, that every 
rule of this nature must have reference to 
the immediate object of the manufacture, or 
the; heat required. Thus, although the air- 
furnaces of founderies or glass-houses re- 
quire chimneys of great al^tude ; yet in 
cases where a moderate degree of heat is 
employed, the chimney should not be too 
high* 

The Scottish distillers availed themselves 
of the most scientific principles in construct- 
ing their furnaces a few years since, so as 
to make the whole of the heat given out by 
the fuel applicable to the process of distillar 
tion, and consequently to work off their stills 
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with greater rtipidity. And to such perfec- 
tion had they arrived, as to work off aii 80 
gallon still, and re-charge it with wash, in the 
short space of three minutes. 

, The fire-places of these stills were 15 inches 
deep, the fuel large flaming coal ; the grates 
4 feet 3 inches from front to back, and 3 feet 
6 inches, or 4 feet wide. The flue of the 
chimney was always four feet square. The 
chimney was built 60 feet high, composed of 
two walls, placed at three inches distance^ 
but tied together, at certain distances, by 
long fire-bricks : the inner wall was 9 inches^ 
the outer wall 18 inches thick at bottom, 
narrowing gradually to 9 inches at top. When 
the chimneys were built only 36 or 40 feet 
high, the draught was not sufficient, and 
when more than 60 feet, it was too strong, 
and the bottotn of the still was injured. 
When the chimneys were built solid, they 
were apt to give Way from their unequal ex- 
pansion. 

From these proportions for distillery-fur*- 
naces, it will be easy for any intelligent work- 
man to calculate any other proportion for 
obtaining a given heat for other operations. 



I 
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If the chimney be too high, more air will pass 
through the fire than is necessary, in order to 
consume the fuel ; while a chimney too short 
will not have sufficient draught for a large 
fire-room. 



CHAPTER XXIII. 



OF STEAM APPARATUS. 

In order to apply steam thus produced^ for 
heating buildings, it must be conducted to 
the various parts of the building, by pipes 
properly disposed. 

These pipes are usually made of cast iron, 
about three inches in diameter, and as thin as 
they can be formed, which is rather less than 
three-eighths of an inch. 

In some cases, as in laundries, copper pipes 
are preferable, as iron pipes would injure the 
linen. 

Pipes of tinned iron plate are also occa- 
sionally used. But although cheap in the first 
instance, they are far less durable, and (un- 
less painted black) give out very little heat 
in proportion to their surface. 
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Lead pipes are totally unfit for conveying 
steam, as its heat expands them so muchj that 
they lose the power of retraction; and by 
frequent repetition of heat, they at length 
open in cracks. 

The quantity of surface of pipe necessary to 
heat rooms, depends altogether on the nature 
of the building, the degree of ventilation re- 
quired, and the temperature at which the 
rooms are to be kept. 

In cotton mills, according to Mr. Bucha- 
nan, the space heated by each square foot of 
surface, varies from 170 cubic feet to 200 ; 
while a small chapel was made comfortably 
warm by only a square foot of pipe to each 
400 cubic feet of area. 

In these calculations the steam was of the 
strength usually employed by Messrs. Boul- 
ton and Watt ; that is to say, with the safety 
valve on the boiler loaded about two pounds 
and an half to the square inch. 

Mr. Tredgold's mode of calculating the 
quantity of steam pipe necessary, has been 
already given. 

The direction in which the pipes are placed 
is also of considerable importance, and ought 
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to be perfectly independent of the building 
they are intended to heat. Some persons 
have endeavoured to make the vertical pipes 
serve as supports to the floors ; but this is by 
no means advisable^ as their alternate expan- 
9ion and contraction by heat soon destroys 
the connection of the floors with the walls, 
and renders the building insecure. 

In general a pipe reaches vertically from 
the boiler to the top of the building, having 
horizontal branches for each floor, with cocks 
to each, so that as many of the floors as are 
desired may be heated, without expending 
steam where it is not wanted. The air con- 
tained in the pipes, before the steam is let in, 
is allowed to escape by openings with cocks 
at the ends of the horizontal branches ; and 
the steewn condensed in them is conveyed by 
small pipes connected with their respective 
ends back to the boiler. 

Sometimes, (as in Mr, Houldsworth^s cotton 
mill) the main pipe proceeds vertically to the 
upper floo^: of the building, then horizontally 
along that floor to the further end, whence it 
descends to the next floor, along which it 
proceeds horizontally, and thus successively. 
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until it reaches the lower floor and boiler 
again. In this mode, all the floors must be 
similarly heated ; but should any accident 
happen to the pipes, the heating of the. whole 
must be stopped, until the repairs are finished. 
— In heating churches, the pipes are usually 
carried round the walls, under the seats. 

Whatever method is used, a cock should 
be inserted at the joining of the main pipe 
with the boiler; and in general the ends of 
the pipes should have small openings or cocks 
not shutting close, to allow some steam to 
escape, as well to prevent the return of air 
into the pipes, as to shew that the steam fills 
the whole length of the pipes. 

When it requires several pipes to produce 
the necessary quantity of surface, they should 
each be furnished with cocks, that they may 
be filled separately with steam ; and thus the 
quantity of heating surface may be augmented 
or diminished at pleasure. 

Many methods have been used to join the 
several lengths of steam pipes, according to 
the situation in which the pipes are placed, 
which are shewn in the XVIIIth Plate. It 
is in all cases necessary that the joints should 



800 HEATING BUILDINGS BY STEAM. 

be held together with some force, otherwise 
the alternate expansion and contraction will 
soon render them incapable of confining 
steam. 

The most simple joint for horizontal pipes 
is that called the spigot and fosset joints 
shewn in the four first figures of Plate XVIII. 
In this mode of joining, the spigot or end of 
one pipe is merely received into the larger 
end of the other pipe, and the space (which 
ought to be as small as possible) is filled up 
with iron cement — ^Which is formed by a com- 
position of 40 pounds of iron borings, beat up 
with one pound of sal-ammoniac and half a 
pound of sulphur. 

If much inequality of expansion is expected, 
the joint may be stuffed with hemp, wool, or 
cotton, mixed with stiff white lead paint, 
ground with a little red lead to harden it. 
Pipes joined in this manner sometimes break 
in the fosset, from the greater expansion of 
the spigot. 

Pipes cast of an uniform diameter through- 
out their whole length, are connected by the 
common thimble joint, as exhibited in fig. 5, 
6, and 7. The thimble, which is a short 
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cylinder of cast iron, being previously drawn 
over one of the pipes, their ends are brought 
together, and the thimble drawn over the 
joint, which is secured as before. 

Sometimes the thimble is composed of two 
half cylinders, and secured by a hoop or two 
of wrought iron round it, the ends of which 
are rivetted together, as shewn at fig. 8. This 
is principally used when the fosset of a joint 
has cracked, and it is necessary to repair the 
joint. But more usually the two pieces of 
the thimble are made as in fig. 9 and 10, with 
holes to receive screws with nuts, by which 
they may be fastened together. 

The ends of plain pipes might be placed 
hqme against the edge of a ring, turned up 
externally on each side, to receive the pipe, 
and leave only a small vacancy for cement, as 
in fig. 11 and 12; but this joint is manifestly 
inferior to any other method. 

The ends of the pipes are sometimes cast 
as shewn in fig. 13, so that when the ends are 
brought together, the joint is made good by 
a wrought iron hoop, which is screwed or 
rivetted together. (See Jig. 14 and 15.) 

But the strongest and best joint is that in 
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which the pipes are cast with flanches at their 
ends, having holes in them for screws, which, 
by their nuts, bring the flanches together; a 
piece of flannel or mill-board dipped in white 
lead paint being previously placed between 
the flanches. The figures 18, 19, and 20, 
represent these flanche joints, which should 
always be preferred for horizontal pipes. 

The joints of vertical pipes are kept tight 
by the weight of the pipe, and they have 
usually only a small shoulder at the upper 
end in which die lower end of the upper pipe 
rests, as in fig. 16. Sometimes the shoulder 
is made, as in fig. 17> on the inside of the 
lower pipe. 

The small wrought iron pipes used for 
communication, are joined by what is called 
the union joint ; which is a kind of thimble 
which screws over the joint, as is represented 
in fig; 21, 22, and 23. 

For bends or angles in the direction of the 
pipes, the pipes are cast accordingly, as shewn 
in fig. 24 and 28 : the joints there represented 
are common spigot and fosset joints ; but any 
others might be used. = 

When a branch is wanted to be given oflT 

12 
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from any pipe, a hole of sufficient size may 
be cut, the branch pipe added, and the joint 
secured by what is called the saddle joint, 
shewn in fig. 25, 26, and 27. The end of the 
branch is made to fit half round the main pipe, 
the piece called the saddle fits the other half, 
and the whole is connected together by two 
wrought iron hoops, as in the hoop joint. 

When steam is to be conveyed to a dis- 
tance, the greatest care is required to prevent 
its heat from being lost during its passage. 
For this purpo^ le steam /pes must be 
inclosed in other pipes, or in wooden cases, 
which may be filled either with chaff, ashes> 
or any similar matter. These pipes should 
allow about three inches thickness of the 
lining all round the steam pipe ; and if con- 
veyed under ground, as is becoming common 
in gardens, they should be farther enclosed in 
drains, in order to keep them dry. 

A cheap mode of confining the heat as the 
pipes pass through places not wanted to be 
heated, is to wrap straw ropes round them 
to a considerable thickness, and covering it 
with a coating of mortar. 

It is in all cases advisable to return the 
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water condensed in the stean^i pipes to the 
boiler, by a small pipe, proceeding from the 
ends of the horizontal branches to the cistern 
of the boiler, the branches having a gentle 
slope given them, to facilitate the passage of 
the water ; although, in general, the steam 
will drive the water before it, unless the dia- 
meter of the pipe is very great. 

Various methods are used to close the ends 
of the steam pipes, yet permit the passage of 
the air, and the water of condensation. 

The original and most usual termination of 
the branch steam pipes is shewn in Plate XIX, 
fig. 8, where a is the end of the steam pipe, 
6, a small pipe with a cock, which is opened 
when the fire is lighted, and allows the es- 
cape of the air. When steam appears, the 
cock is turned, and a small quantity only of 
steam is allowed to escape by the pipe, c, 
which communicates with a pin-hole in the 
air-pipe, between the cock and the steam 
pipe: rf is a syphon pipe, screwed on the 
under surface of the steam pipe : this syphon 
receives the water of condensation, and con- 
veys it to the cistern of the boiler. The bend 
in this syphon pipe must be at least ten feet 
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deep, to prevent the water, which serves as a 
valve, from being thrown out by the sudden 
oscillations to which it is subject : and the 
syphon itself must be carefully guarded 
against the action of frost. The diameter of 
the pipe of this syphon must be sufficiently 
large to carry off the water of condensation 
as fast as it is formed, while a larger diame- 
tpr would only expend heat in vain. Wherever 
^ sufficient depth can be obtained for placing 
liiis syphon, it is always to be preferred for 
t^e purpose of returning the water. 

Another kind of syphon for carrying off the 
air and water of condensation is shewn in fig. 
5 ; a, is a close iron box connected with the 
under surface of the ends of the branch steam 
pipes, c, is a syphon pipe which connects this 
close box, a, with a similar cast iron box, 6, 
(which is open at top,) and has a pipe, d^ that 
leads to the cistern of the boiler. The syphon 
being filled with water, the air driven on by 
the steam drives the water before it, and es- 
capes at the open top of the box, b. The 
water condensed by the steam pipe passes 
gradually off by the pipe, rf, the syphon re- 
maining full. 

X 
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Where a sufficieat depth cannot be obtained 
for the conBtruction of these s3rphons ; the air 
is allowed to pass out and enter it again when 
necessary, either by means of a cock to be 
(Opened and shut by the engineer on duty, or 
by two safety valves placed near the end of 
each branch of the steam pipe ; one valve 
opening outwards, the other inwards ; and the 
water of condensation is earned off to the cis-- 
tem of diie boiler by an apparatus represented 
in Plate XIX, fig. 6. A hole being made in 
the under surface of the steam pipe, an iron 
box, er, containing a puppet valve, whose 
opening is regulated by a lever having a hol- 
low ball of copper at its end. As the water 
condenses in the steam pipe it runs into this 
boxj and when a certain quantity of it has 
collected, the action of the hollow ball which 
floats on its surface raises the puppet valve, 
and allows the water to run off by the pipe, 
to the cistern of the boiler. 

Sometimes a simple float without a lever is 
wed to open the valve. 

Hitherto no notice has been taken of the 
expansion of the pipes; but this must be 
carefully recollected, and provided for. Mr. 



c. 
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Buchanan thinks the allowance of one-tenth of 
an inch for each 10 feet iii length of cast iron 
steam pipe is sufficient, but Mr, Tredgold 
thinks one-eighth of an inch is requisite. 

One-Eighth of an inch to every 8 feet in 
length is the proper allowance for wrought 
iron, and tinned iron, and two-tenths for each 
10 feet of copper pipe. If lead pipes were to 
be used for steam, tiieir expansion would be 
about seven-tenths of an inch for every 20 feet 
in length. But for the return of the condensed 
water (which is the only use that can safely 
be made of them in heating by steam,) one- 
fifth of an inch for 10 feet will be sufficient. 

Care must therefore be taken to let the ho- 
rizontal steam pipes rest on rollers, that their 
expansion may not be checked. Fig. 13, ex- 
hibits the section of a steaiti pipe resting on a 
roller. - 

Two opposite attempts have been made in 
respect to this expansion of the pipes. For 
while some have endeavoured to allow room 
at the joints to counteract the effect of the 
expansion, others have endeavoured to turn 
the expansion to use. : 

Count Rumford in fitting up the steam ap- 

x 2 
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paratus at the Royal Institution, placed drums 
of thin copper, Plate XIX, fig. 1 and 2, about 
3 feet in diameter, which were screwed to the 
flanches of the pipes. The elasticity of the 
copper allowed it to give way, as well to the 
compression produced by the expansion of 
the pipes, as to the pulling out by the retrac- 
tion of them. 

At Butterly iron works in Derbyshire n 
loose thimble joint was used for the same pur- 
pose. The end of the two pipes a and 6, fig. 
3, Plate XIX, are turned true on the outside, 
and a thimble lined with tin is used for secur- 
ing the joint, in which the two ends of the 
pipes work like a piston in a cylinder, about 
three-quarters of an inch being allowed for 
their motion. 

Mr. Tregdold proposes to connect the pipes 
by fixing to one of them a short length of a 
pipe of smaller diameter, which slides in a 
stuffing box attached to the other pipe. 

The first use that was made of the expansion 
in length of the pipes, was to open and shut the 
air cock at the end of them. This was effected 
by connecting the cock with an iron arm, the 
other end of which was fixed to the wall. 
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A similar mode of effecting the same object 
is shewn in fig. 10 and 11. A hole is made 
on the lower side of the steam pipe to allow 
the air to pass out, and the end of the pipe is 
received in a short length of a pipe of sufficient 
diameter to receive the steam pipe, and a thin 
thimble of tin between the two. This short 
pipe is screwed to the wall or a beam, and has, 
as well as the tin, a hole answering to that in 
the steam pipe. The air driven forward by 
the steam passes out by these holes, but as the 
steam pipe becomes hot and lengthens, its 
hole overshoots that in the short length of 
pipe, and they become closed. On the other 
hand, when the last portion of steam condenses 
and the pipe grows cold, and shortens, the 
holes gradually come together and admit the 
entrance of the air. 

In 1815, Mr. Houlds worth took out a pa- 
tent for discharging air, or air and condensed 
steam from steam pipes, in which he made use 
of the expansion and contraction of the steam 
pipes. Fig. 9j shows one of the methods 
adopted by him for vertical pipes, but which 
may be used in any other position of the pipes ; 
</, is the end of the vertical steam pipe which 
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is closed with a plate having a hole in it for 
the seat of the valve ; this valve, which should 
be from one-sixth to one-third the diamieter 
of the steam pipe, is moved by a rod attached 
to one end of a lever and weight, the other end 
of the lever is attached by a rod to the end of 
the steam pipe. The valve opens into a box, 
c, from one-sixth to one-fourth the diameter 
of the jsteam pipe, which is closed at top, by a 
stuffing box through which the rod of the 
valve passes ; and has a pipe on the side to 
convey away the air of the pipes. 

When steam is admitted into the pipes^ 
the heat causes them to expand ; in conse* 
quence of which the rod attached to the end 
being lifted towards the fixed beam, by its 
action on the lever causes the valve to shut, as 
soon as the pipes have acquired the proper 
temperature for which die valve is adjusted, 
and thus prevents . the steam from following 
the air which had been driven out bv it. 
When the pipes copl, a contrary action of the 
valve rod takes place by the contraction of the 
3team pipes, and the valve opens to admit the 
air. 

In the vertical situation in which the stea^ 
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pipe is represented, nothing but air is expelled 
or allowed to enter by the valve ; but the 
same construction may be adopted for hori-- 
zontal or depending steam pipes. In these 
cases the valve closing when the steam pipe 
has attained a certain temperature, the steam 
retained within it is condensed and forms a 
body of warm water ; which serves as a reser- 
voir of heat after the steam is no longer pro- 
duced, until it cools to a certain temperature : 
when the valve opens and lets it out through 
the pipe, rf, which conveys it to the cistern of 
the boiler. 

Another method used by Mr. Houldsworth 
for the same purpose is delineated in fig. 7j 
Plate XIX, as applied to a horizontal steam 
pipe. To the end of the steam pipe, ff, is 
appUed a short pipe of smaller diameter which 
moves through a stuffing box into a cast iron 
box, 6, closed at top, which is screwed down 
to a beam, c, fixed in the wall. In the side 
of the box, 6, opposite to the place where the 
small steam pipe enters is affixed the rod of a 
puppet valve; and is so adjusted in its length 
by means of a nut and screw, that it may 
close the open end of the narrow steam pipe 
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when this is pushed in by the expansion of the 
larger steam pipe ; till when the air and con- 
densed water is carried off by the pipe, e, 
placed in the lowest part of the box, h. Mr. 
Houldsworth prefers this method when the 
steam pipe is of considerable length. 

Having now described the i^rious methods 
which are in general use for the purpose of 
warming buildings by steam heat, it might be 
expected that we should give a decided pre^ 
ference to some one over all others. But as 
the mode of supplying heat, as well as the 
temperature required, must altogether be re- 
gulated by the extent of the building, and the 
manufacturing or domestic uses for which it 
is erected ; an intelligent workman or engi- 
neer will find each of the different Minds of 
apparatus before mentioned possess some pectt- 
liar advantages, under different circumstances; 
but which circumstances it would be quite un- 
necessary or indeed impossible to specify here* 



CHAPTER XXIV. 



OF WARMING HOT-HOUSES AND 
CONSERVATORIES. 



After the detailed description already given 
of the various modes of disseminating heat 
in public and private edifices, by means of 
warm air and steam pipes, it can scarcely be 
necessary to recapitulate what has been said 
for the purpose of shewing its application in 
warming conservatories, or garden stoves. 

The same principles and nearly similar 
modes of arrangement will apply, either in 
warming and ventilating buildings for the 
better preservation of the animal economy, 
or for the preservation and growth of plants ; 
with this difference, — that animal life is fur- 
nished with the power of accommodating 
itself to every vicissitude of climate, in a 
greater degree than vegetable life. 
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• 

The more perfect organization of man^ 
which imparts that kind of mental energy 
denominated courage, is doubtless a material 
ingredient iti sustaining the animal functions 
of the human race in a state of health, whe- 
ther placed in the desolate regions of eternal 
snows, or traversing the burning sands of cen- 
tral Africa. The horse, the dog, and a few 
other quadrupeds, have also the faculty of 
resisting in an eminent degree the opposite 
extremes of climate and even the most rapid 
changes of temperature; whilst the lower 
classes of the animal creation are, apparently, 
deficient in this power of compensating for 
change of temperature, in exact proportion 
as they descend in the scale of organised 
beings. 

Vegetable life is, however, widely different. 
Though the structure of plants may be stricdy 
called organised matter (and in some of the 
more delicate species almost possessing the 
sentient principle) yet the beautiful inhabit 
ants of the vegetable kingdom not being en- 
dued with the property of loco-motion, and 
consequently without the power of voluntarily 
increasing the circulation of their fluids aAd 

10 
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the production of heat, they are far less able 
to withstand the extremes of temperature than 
animal life. Hence, every zone, or indeed 
every different degree of latitude from the 
equator to the polar circle, produces its pecu- 
liar genera, species, or varieties, iix the inter- 
esting productions of the vegetable kingdom. 
In order to compensate for the disadvan- 
tages of climate in Great Britain, we are com- 
pelled to employ artificial heat, for raising the 
better species of vegetables. And it is truly 
gratifying to witness the advancement which 
has been made within a few years in this 
highly important department of art. 

Since the valuable and profound researches 
of T, A. Knight, Esq. on the Physiology imd 
Economy of plants, ?tnd the establishment, of 
the London Horticultural Society, have ele- 
vated this formerly vulgar art to a most inter- 
esting branch of science; it has produced 
altogether a new race of operative gardenera ; 
more especially in the extensive public and 
private gardens adjacent to the metropolis. 
While the activity and liberality of this pa- 
triotic society in constantly importing new 
species or varieties of the more valuable plants 
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from every part of the world, and naturalizing 
them in this country, cannot fail of produc- 
ing the most lasting advantages to the com- 
munity. 

With regard to the general management 
or economy to be observed in hot-houses or 
plant-stoves — it would not be necessary, or 
even proper to enter into, — in a work confined 
simply to the production and distribution of 
heat. But it may not be improper to offer a 
few remarks on the specific agency of heat in 
the process of vegetation. 

That All-Directing Power which ordained 
the beautiful division of creation, the vegetable 
kingdom, is doubtless beyond our comprehen- 
sion. But the physiology and natural func- 
tions of plants appear to be capable of easy 
demonstration. 

We should indeed, rather refer our reader 
to the valuable Essays of Mr. Knight and 
other gentlemen, in the Transactions of the 
Horticultural Society, and to the Supplement 
of the Encyclopedia Britannica on the ana- 
tomy and physiology of plants, than to offer 
any observations of our own, on this subject. 

It must be obvious, that the more closely 
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we approximate to nature in the management 
of plants, the more perfect will be the veget- 
able or fruit produced. For even in our best 
managed stoves, the exotic fruits scarcely ever 
acquire the flavour of the natural products of 
warmer latitudes. And it has been usual to 
ascribe this inferiority entirely to the want of 
that agency, which is imparted by the direct 
rays of the sun. 

That the solar ray exercises a most powerful 
influence in the fructification of plants is well 
known to every able agriculturist; and this 
influence appears to be somewhat of a che- 
mical character, and independent of the ac- 
tual temperature ; for no elevation of tempe- 
rature in a pine or other fruit-stove, will com- 
pensate for the effect of the solar ray in bring- 
ing tropical fruits to high perfection. 

But another cause also exists, why stove 
plants do not usually acquire that perfection 
in England which they attain in their proper 
habitat, — our gardeners will not study nature, 
in order to regulate the diurnal changes of 
temperature. 

From the valuable meteorological observa- 
tions made by Captain Sabine, R.A. during 
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his voyage within the tropics in the year 
1822 : — and others made by Alexander Cald- 
clough, Esq. at Rio Janeiro and part erf Bra- 
zil*, it appears that even in the immediate 
vicinity of the equator there is a difference of 
temperature between noon and midnight (or 
rather, from about 2 P.M. and 2 A.M.) on an 
average, from 10* to 15^ Captain Sabine^s 
tables shew less variation between the maxi-^ 
mum and minimum temjperature of day and 
night, on the coast of Africa, than in the 
West India Islands; which is indeed what 
might be expected, owing to the extraordi- 
nary humidity of the air on the African coast ; 
which always tends to equalize the tempera- 
ture, as observed in one of our previous chap- 
ters. 

The finest productions of the vegetable 
kingdom arc, however, by all authorities, ac- 
knowledged to be those of the Southern he- 
misphere ; between the parallels of 2(f and 
SOP latitude. And as the atmosphere of these 
beautiful regions is seldom saturated with va- 
pour, except during their transient, though vio^ 
lent rains, the diumal variation of tempera- 

* Vide, Darnell's Meteorological Essays. 
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ture may be taken at a mean, ^cording to the 
authority of Mr. Colebrooke*, from 20° to 22^ 
Now if these diurnal -f* alternations of tempe- 
rature were regularly produced in our garden- 
stoves, is it not fair to expect that vegetation 
would be produced in greater perfection ? — if 
not quite equal to the natural productions of 
more favoured climes. * 

A brief view of the process of vegetation 
will perhaps best explain the rationale of th6 
subject. 

A certain temperature (and moisture also) 
is required for the germination of every veget- 
able ovum or seed. But after the seed has 
struck its radicle and developed its first leaves*, 
the growth or expansion of the plant appears 
to increase exactly, in proportion as the tem- 
perature of the air exceeds that of the mould 
or soil in which it stands, and which is kept 
cool by the process of evaporation. For if 



* On the Climate of South Africa, Journal of Sci- 
ence, Vol. XIV. ' 

f It is not necessary here to consider the altematiiMis 
of temperature between winter and summer, as our ob^ 
serrations must, of course, be Umited to the cultivation 
of the succulent class of plants termed Annuals. 
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we place a young plant in a small pot of 
earth, (which quickly becomes dry, and as- 
sumes the same temperature as the air) though 
the plant may be made to " grow" for a 
short period, by placing the pot in a warmer 
atmosphere ; yet the process will become sus- 
pended whenever the mass of soil, and conse- 
quently the roots of the plant, attain the same 
temperature as that of the air adjacent. For 
grSth k m mJity, nothing more than the 
expansion of the branches and leaves of a 
plant by the heat of the atmosphere, which, 
leaving a partial vacuum in the capillary ves- 
sels, the sap or carbonaceous fluid is secreted 
by the roots and propelled upwards by the 
atmospheric pressure till the equilibrium is 
restored. But as the functions performed by 
the leaves of plants is very nearly analogous to 
those of the lungs and stomach of animals — 
in giving off through the medium of the oxy- 
gen of the air the refuse carbonic matter, and 
assimilating the juices of the plant — the 
greater part of the solid matter of the sap be- 
comes arrested ; forming concentric layers of 
vegetable or ligneous fibre. 

It is necessary, however, that a certain por- 
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tion of the sap should return, even to the 
roots ; in order to give that stabiUty or basis 
which is essential to the future support and 
maintenance of the plailt. Now this im- 
portant object is provided for by one of the 
most beautiful arrangements of our Beneficent 
Author ; — hy the diurnal variation of tempe-' 
rature. 

During the night season, the heat dimi- 
nishes even in the tropics (as just stated,) 
ICf or IS"; but in temperate latitudes the 
change from day to night is usually during 
summer from 20** to 30**. Now the effect of 
this reduction of temperature on the functions 
of plants must obviously be the converse of 
expansion : — the contraction of the leaves 
and stems of plants during the night must 
drive back the sap towards the roots, during 
which process it becomes solidified and organ- 
ised as a concentric layer of vegetable fibre. 

The growth or expansion of plants during 
the day in the summer months, when the air 
is usually much warmer than the soil, may 
be therefore considered as an exhausting pro- 
cess ; which, if pursued without intermission, 
would be destructive to vegetable life in a very 

Y 
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idiprt period. Indeed it is aniformly observed 
that vegetables which have the most rapid 
growth (as the hop and all succulent plants) 
have the shortest duration^ and are least able 
to withstand the changes of atmospheric tem- 
pieFature. 

It i^ems to be a point of essential import- 
ance in the cultivation of plants, as weU as in 
thiQ preservation of animal economy gene- 
lUUj^ that the functions of life should be 
allowed regular or at least periodical inter- 
vals of rest. And whilst these intervals are 
employed by mirmh in recruitbg their mus- 
cular or othei? vital powers; the vegetable 
kingdom becomes strengthaied, by the de- 
posit o£ successive layers of fibrous matter 
on the albumenous portion of the trunk and 
roots ; so as to enable them to sustain the ex*^ 
hausting process of the ensuing day, termed 
growth, or expansion of volume. 

In the management of garden-stoves, there- 
fore, the first consideration should be, to asr 
certain (with as much accuracy as possible) 
what is the mean heat of the hot season, by 
day, and also, what are the diurnal changes 
pf temperature in those parallels of latitude. 
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QT rather the immediate districts where each 
variety of the exotic class of plants attain the 
greatest state of perfection* For the perfect- 
tion of Art, in this case, must unquestionably 
foe allowed to be the imitation of Nature* ! 

By a careful adaptation of the temperature 
both by night as well a^ by day, to the natuj- 
ral habitudes of each plants or where a variety 
of diferent plants are cultivated, to thoise 
Avbida claim most consideration, — it is pre- 

* The reader will find some valuable information on 
this subject in the observations of Mr. Colebrooke on the 
CUmate of Southern Africa ; and also in the Meteorolo- 
gioal Essays q£ Mr. Danielle — Chap. " Radiation .of 
Heat." 

Mr. Colebrooke found tiie mean daily variation of 
temperature in lat. 32*^ south, to be from 21 to 22 de- 
gi«es; the average temperature of the warmest month 
(February) being 7P and the maximum heat about 100«J. 
Edin» Phil, Journal, vol. v. — It is also to be observec^, 
•that in estimating the average diurnal change of tem- 
ip^rature, great allowance must be made for the state oT 
humidity of the air. Dr. Wells (in his beautiful Essay 
on the Formation of Dew) has shewn, that when the air 
becomes saturated with moisture, or under an opaque 
sky, there is frequently only a few degrees difference 
between the tempemture of day and night; but in propon* 
tion to the clearness of the night, so does the temperature 
of the air become reduced by terrestrial radiation. 

Y 2 
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siuned that 9> niuch nearer approximation to 
tibe natural fruits of the tropical climates 
might be> attained in our garden-stoves, or 
fruit-houses. 

The degree of humidity in the air, both in 
conservatories or green-houses, as well as in 
the warmer class of garden-stoves, is also a 
point of great importance, in order to preserve 
the functions of plants in a state of health. . 

If the atmosphere of any hot-house be de^ 
ficient in humidity, the transpiration of aque- 
ous vapour from the leaves of plants will be 
too rapid to allow of the proper assimilation 
rf the sap ; and consequently produce imper- 
fect or diseased vegetation. — On the other 
hand, if the air be too humid, it will not carry 
off the feculent matter of the plant with suf- 
ficient rapidity. The latter evil is, however, 
not so much to be apprehended as the former, 
in the usual management of garden-stoves of 
the warmer class. 

The power which plants possess of absorb- 
ing heat from thfe action of solar light, though 
justly considered by Mr. Daniell as a most 
important part of vegetation, and who re- 
marks, " that a scientific attention to these 
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particulars would tend much to benefit the art 
of gardening," is, nevertheless, foreign to the 
immediate object of the present work, and 
consequently must be altogether omitted here. 

With regard to the mode of disseminating 
artificial heat through forcing-houses and 
conservatories, — it will not be necessary to 
enter into detail, after the description already 
given of the Russian and Helper varieties of 
stoves ; and the various apparatus mentioned 
in the preceding chapter for transmitting heat 
by steam. — Only observing, that wherever 
flues are employed for heating buildings of 
this kind, great attention should be paid in 
allowing a sufficient surface of water to give 
the proper degree of humidity to the atmo- 
sphere. And that when flues or steam-pipes 
are required to extend any considerable dis- 
tance from the fire-place, they should be 
either enclosed in wood cases filled with straw, 
chaflT, or some other bad conductor of heat ; 
or else wrapped round with straw or hay- 
bands as close as possible, till their admission 
into the building to be warmed. 

It is now generally admitted that steam is 
the most economical agent which can be em- 



^ 
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played, as far as the consumption of fuel goeau 
The apparatus necessary, is undoubtedly moto 
dxpeusive in the first instance than flues ; yet 
the advantages derived from steam are suf^ 
ficient to compensate for any extra ekpetice 
m buildings of considerable extelit, by the 
uniformity and certainty of regulating the 
temperature (whatever may be fliat of the 
external air) ; and frora it not being liable to 
iSkct the chemical properties of the air, and 
thus injuring vegetable life ; which is too often 
tlie case wfaeh hot air^flues are employed fat 
heating cbnservatjories. . 

The temperature of air-flued or pipes con^ 
siderably diminishes with the distance; but 
steam may be sent thrbugh cast iron piped 
(having wood cases filled with any non-con^^ 
ducting substance, as befbre mentioned) to 
four or five hundred feet from the boiler^ 
without any material loss of heat. 

' The regulation of the diurnal changes of 
temi^erature may be also effected with the 
utnK)st facility, by die stop^cocks attached 
to the main or branch pipes of a building fitted 
up with steam apparatus* In short, the ap- 
plication of steam for \farming every building 
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where original expence is not an object, pos-^ 
sesses so many advantages, even for the pur- 
poses of vegetable economy, as to be greatly 
superior to the use of air-flues, on any arrg,nge- 
ment whatever. 

But there is another consideration, perhaps 
of still greater importance, in the estimation 
of those who are in the daily habit of visiting 
these elegant depositories of the most beauti- 
ful productions of nature, — that the atmo- 
sphere of a conservatory is far less vitiated for 
the purposes of animal respiration, where 
steam is employed, than where air-flues are 
uigied. 

In the latter case, the effluvium in many 
buildings of this description, owing to the 
inferior kind of fuel used, the burnt property 
of the air, and the want of adequate ventila-» 
tion, is not only very oppressive to the lungs^ 
but highly noxious to health. It should be 
considered, that the process of vegetation,; 
like animal respiration, gives out carbonic 
matter to the adjacent air * ; which delete- 

* Whether the oxygenous portion of the atmosphere 
becomes absorbed by the leaves of plants^ when in the 
shade^ and is again evolved in the day-light or sunshine. 
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lious ttiaiter ought to be carried off by ven-^ 
tilation, as quickly as possible, both for the 
preservation of the healthy functions of the 
plailt, as well as for maintaining the salubrity 
of the air in these most elegant appendages of 
our better class of mansions. 

With regard to the general construction of 
garden-houses, and the best mode of glazing 
the lights, the subject has been so ably treated 
by Mr. Sabine, Mr. Gower, and the other 
eminently scientific members of the Horticul- 
tural Society, as to leave us nothing for re- 
mark, but to refer the reader to their valuable 
pages. The practical application of these im- 
provements and scientific arrangements in the 
construction of conservatories, may be seen at 
Messrs. Loddige^s extensive establishment at 
Hackney. These gentlemen exhibit a greater 
assortment of tropical and scarce plants, and 

as supposed by some physiologists ;— or whether (as is 
most probable) the oxygen of the air acts merely as a 
vehicle for carrying off the carbonic feculs of the plant, — 
it is not necessary to investigate here. It is sufficient to 
know that the vegetative process, when carried on in 
confined buildings, greatly vitiates the air for all tfaie pur- 
poses of animal life. 
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perhaps in a higher state of perfection, than 
any gardens in the united kingdom. 

We shall close our observations on this 
subject by recommending gentlemen, who 
are about to erect conservatories in the first 
instance, to pay greater attention than is 
usually given to the selection of a proper scite 
of ground. 

The aspect, as is well known, may be varied 
according to local convenience, from the S. K 
to the S.W. points of the compass. But if 
stove-houses, instead of being usually erected 
as detached buildings, and consequently ex- 
posed to the various atmospherical changes 
and currents of air, were built in a sort of 
semicircular recess or excavation in the soil, 
open towards the south, and banked up (to 
any convenient height) on the N. and N. E. 
so as to operate as a concave reflector ; there 
cannot be a doubt that the natural or reflected 
heat would be greatly increased and econo- 
mised, and of course less assistance from 
artificial heat required. 

For it should be recollected that a great 
portion of the heat employed by nature in 
forwarding vegetation) is derived from the 
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leverberadon or reflection of the sun's rajrn 
by the eardi's sur&ce : as isiiilly shewn by the 
uniform diminution of heat according to the 
elevation of any point above the level of the 
sea* 

It is on this principle that the roof of every 
kind of hot-house is made to form an angle 
of from 30 to 35 degrees with the horizon, in 
order to receive the meridian sun in a vertical 
direction. Reflected heat following the same 
laws as reflection of light, (the angle of re- 
flection being always equal to the angle of 
incidence) the more nearly the direct solar 
rays approach the perpendicular, the greater 
of course will be the reflected heat within 
3 given space. 

But it is not only of great importance, in 
point of economy, in the original construction 
of garden-chouses, to have the walls partially 
Surrounded by a ccmcave screen, and the 
fiames of tii6 lights made of slaw-c<mducting 
substances, as of hard wood, in preference to 
metal; but the colour of the interibr of such 
edifices is pe]iia|)s a point of no less import- 
ance in the process of vegetation. 

That white surface^ copiously reflect the 
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i^ays of light, whilst dark or black surfaces 
absorb it, has been satisfactorily proved by 
numerous experiments. And that light is a 
most important agent (independent of heat) 
not only in the production of those beautiful 
and inimitable colours which grace the Flora 
of the vegetable kingdom, but in the deve- 
lopement and perfection of fruit, has also 
been universally acknowledged*. 

And although the refined chemical process 
by which plants decompose the solar ray, and 
select that portion of the spectrum best 
adapted to their peculiar nature, altogether 
eludes our research ; yet it is of some value to 
determine the simple fact, — that plants univer- 
sally become etiolated and sickly when placed 
in dark situations ; and, on the contrary, have 
their beauty and vigour increased in propor- 
tion as they are exposed to the full action of 
solar light. — From which premises it fol- 
lows, — that the less impediment which is of- 
fered to the admission of light in the erection 
of any kind of garden-stove, and the more 
white surfaces which are presented by the 

* Vide, the interesting researches of Chaptal and De 
Saussure on this subject. 

13 
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interior walL^ and frames — ^the greater xvill be 
the proportion of reflected light and heat, and 
consequently, the more perfectly will the 
functions of vegetable life be sustained. 




APPENDIX. 

PATENT (THERMO-REGULATOR) STOVE. 



After, the preceding sheets had passed 
through the press, and just as the work was 
preparing for immediate publication, the Au- 
thor gained intelligence that Letters Patent 
had just passed the Great Seal " for certain 
Improvements in Stoves and Grates." And, 
being desirous of obtaining every information 
connected with the immediate subject of the 
present volume up to the latest period, appli- 
cation was made to the patentees (Messrs. 
Atkins and Marriott) for any such intelligence 
as they might think proper to communicate, 
previous to their Specification. 

In consequence of which application, these 
gentlemen most liberally permitted the Author 
to have a drawing taken of their Improved 
Stove and Apparatus, from which the En- 
graving has been made that faces our title- 
page. From the verbal communication given 
through the kindness of the patentees, we 
bave also been enabled to add the following 
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description of their invention; with the dis- 
tinct understanding however^ tiiat it is not to 
be considered as comprehending the whole of 
the objects of their invention, nor as any thing 
in the nature or form of that Specification which 
they will hereafter have to enrol. 

The inventors of thij^ stove and apparatus, 
(which is termed a " Thermo-Regulator,") 
fontemplnte s^venJ objects ifi tl^r ;iny€n^ 
tion :-7^Qonpp[iising iuel^ consunung smc^j 
preventing tibe necessity of a current of cpl4 
air from the doors ^lad windows i ; aod v^tiU^t 
Wg apartment^. :. 

The firjst of these objects is provided. &^f bjt 
au arraQgfjnent which seems tp unite ^ciasriifiit; 
principles with the requisite elegafice in *8q 
material am article of furaiture ^sa 4i^wing^ 
room stove. • i ] 

, The figure and general appearaiice of tb^ 
sl;ove^ the patentees^ state, may be varied at 
pleasure so far as matter of ornament is qqi^ 
cemed ; (see Plate XX, facing tke titled-page.} 

Instead of having a detached fender^ a base-^ 
ment, ^,^, projects from the lower part ctf tbQ 
stove into the room as far as is desir^bl^. Tbi£| 
basement, is made hollow, either of sjteei or other 
metal, or porcelain plates, and is subsequently 
fiUed up with certain nonrconducting sub- 
stance, or imperjfect cpnductQrs of h^at- Th^ 
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back part and sides of the stove, a, a, fig. 2, is 
also made hollow, and filled up with the same 
materials *. 

The front plate of the stove, /, /, rests flush 
against the jambs of the fire-place ; so that the 
radiation of heat from the burning fuel may 
extend to the sides of the room as well as in 
front ; and the grate or fire-bars are made to 
hang on, or take off the front, as in other stoves. 

Immediately below the fire-chamber and 
grating, is an opening, e, in the basement to re- 
ceive the ashes, and admit the draught of air for 
supporting combustion. 

At the front of the basement a drawer, d, is 
made to slide out in order to remove the ashes. 
On the side of the basement, at fig. 1, a small 
pipe is inserted, which opens immediately under 
the grate. This air pipe is provided with a stop 
cock, and is carried under, or through, the 
flooring, to a vessel or reservoir of condensed 
air. 

The air-vessel, may be formed of sheet-iron, 
or wood with iron hoops like a cask ; and is to 
be filled with air (to the amount of several at- 
mospheres if desired) by a condensing pump, 
or a pair of small strong bellows worked by a 

• The patentees have not yet determined on the actual 
materials or combination of substances best adapted for this 
object- 
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lever. A few strokes m the bellows will fur- 
nish a supply in the reservoir for producing a 
strong current through the pipe when the fire 
is first lighted ; or indeed whenever it may be 
necessary to obtain a brisk fire at a short no- 
tice. 

When the fire is sufficiently brisk the further 
supply of air may be instantly shut off by turn- 
ing the stop cock; in which case the air of the 
room will serve to maintain a slow^ or regular 
fire, and sufficiently ventilate the room at the 
same time. 

The basement of the stove slopes forward 
firom the bottom of the fire-chamber, both to- 
wards the front and sides of the room, to aiBTord 
a resting-place for warming the feet. The cor- 
nice or head of the stove, c, is also filled up with 
the same non-conducting materials as the 
basement, sides, and back, leaving a passage 
for the smoke, which is provided with a ver- 
tical register, h, shewn in the section, fig. 2. 

The semicirculiar aperture through the front 
of the stove which is closed by a circular plate, 
opens into a chamber, g, fig. 2, behind for receiv- 
ing the coal. This chamber enlarges as it ap- 
proaches the bottom of the grate in order to pre- 
vent the coal from adhering to its sides by caking. 

Now if a fire be lighted in this stove in the 
ordinary way, — by closing the ash-box in firont 
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of the basement, and opening the cock of th^ 
air-pipe, a brisk fire may be blown up in a few 
minutes, without the smallest trouble ; or that 
recoil of smoke into the apartment which fre- 
quently attends the use of bellows. The force 
of the air-blast may also be regulated at plea- 
sure, as well as its duration, by this very ele- 
gant contrivance. 

As the body of the fire rests immediately 
on the bars which form the upper part of the 
basement^ the heat which is giren out by the 
burning fuel will be partly absorbed by the 
non-conducting materials of the interior of the 
basement and front of the stove ; and on suf* 
fering the fire to subside or go quite out, this 
heat will be again given out to the apartment. 

In order to prevent the evolution of smoke,--^ 
this invention certainly promises at first view, 
to accomplish that desirable object more effec* 
tually than any arrangement we have hitherto 
seen. 

'^ When fresh fuel is required, — the coal-cham- 
ber is to be opened by turning the circular 
plate half round on its axis (by a key winch) 
and throwing on the necessary quantity of 
coals, and again closing the aperture, the crude 
gas from the fresh fuel being prevented from 
escaping upward, must find its exit near the 
bottom of the fire ; and in passing through the 

z 
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Ignited fuel must hav^ the greater part if not 
the whole of its offensive properties arrested or 
consumed. While the ascent of the remainder 
of this gaseous matter will be greatly accele- 
rated by the high temperature it acquires in 
passing through the fire. 
^ The coal in ordinary cases will be almost re- 
duced to the state of coke, when it arrives at 
the bottom of the coal-chamber ; from whence 
it may be brought forward into the grate by the 
aid of a poker as required ; or indeed, by the 
mere operation of stirring up the fire, and 
allowing the coal in the chamber to occupy its 
place beneath f^ 

: In point of economy, the patentees estimate 
the. saving of fuel by their arrangement, from 
one-third to one-half the consumption of coal 
by the ordinary register-stoves : — taking into 
consideration the quantity of heat retained by 
the several parts of their improved stove, and 
consequently a less supply of fuel required tq 
be kept up ; — and from the chief supply of air 
being given from without the room, those cold 
currents of air through the doors and windows 
jn the usual way are greatly jeduced, and the 

* A different arrangement will be adopted by the pa- 
tentees for efiecting these objects in kitchen grates or ranges : 
but which they state are not sufficiently completed at present 
1,0 ^Ipw of any description. . 
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warm air proportionably economised, instead 
of being driven up the chimney. 

The patentees further state, — that the hea{ 
being retained for several hours in the base- 
ment and other parts of their stove, an ordi- 
nary sitting-room having had a fire in it during 
the former part of the day, wrill be suflficiently 
warm for personal comfort, by the radiation of 
heat from the stove, for many hours after the fire 
is extinguished ; whilst it affords a remedy for 
one of the greatest evils in social intercourse, — 
that of being placed at a dinner table with a 
glowing fire on one side and a freezing current 
of air on the other. 

The air-pipe attached to this stove, it is also 
the intention of the patentees to render available 
for ventilation, during the summer months, or 
whenever it may be necessary. 

The arrangement for this object also com- 
bines simplicity with scientific application. 
The main pipe or leather hose leading firom 
the reservoir of condensed air is made to pass 
through a cistern of water in its passage to the 
small air-pipes opening into the apartment, by 
which means the room may be thoroughly ven- 
tilated and cooled at the same time, without 
any further trouble than the labour of a servant 
for a few minutes to fill the reservoir with con- 
densed air. 
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We are not desirous of offering any decided 
opinion on the merits of this invention from the 
working model we have inspected, though it 
certainly seems calculated to realize the objects- 
stated by the patentees. If we have any doubt 
as to the practical conveniences attending the 
use of these improved stoves, it relates to the 
mode of supplying fuel — whetlier the coal- 
chamber would not be liable to become 
cheated, and require the assistance of a poker 
frequently ? In ail other respects however, we 
consider the invention as one of the greatest 
improvements we have yet seen, in the con- 
struction of stoves, and ventilating apartments. 



THE END. 
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